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ABSTRACT
Species richness, density, and abundance in Coleoqvne 
ramosissima (blackbrush) shrublands were compared on 15 
elevational transects in the Spring and Sheep Mountain 
Ranges adjacent to the Las Vegas Valley. Coleoqvne 
shrublands shared relatively broad upper and lower ecotones 
with Pinus-Juniperus and Larrea-Ambrosia vegetation, 
respectively. Lower Coleoqvne ecotones generally had the 
highest species richness, and Pinus-Juniperus woodlands had 
the lowest species richness.
Detrended correspondence analysis (DECORANA) suggested 
that elevation and soil depth were significantly associated 
with the distribution of stand and species groups 
identified from two-way indicator species analysis 
(TWINSPAN) in the Spring and Sheep Mountians Ranges. 
Precipitation and soil moisture were positively correlated 
with elevation; air and soil temperatures were negatively 
correlated with elevation.
Coleoqvne density was positively correlated with soil 
moisture, soil organic matter, Coleoqvne water potential, 
Coleoqvne leaf biomass, and Coleoqvne stem and leaf 
phosphorus. Soil moisture and soil organic matter appeared 
to influence the distribution of Coleoqvne at its lower 
elevational boundary in southern Nevada.
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INTRODUCTION
Coleoqvne ramosissima Torr. (blackbrush) is a desert 
shrub that grows to 2 m in height. It has relatively 
small, ashy gray leaves (approximately 5-15 mm long) that 
turn black when wet. Terminal branches of Coleoqvne often 
die back several centimeters from the tip and become 
spinescent, allowing lateral growth to form intricate 
branches, resulting in a dense, rounded shrub (Provenza and 
Urness 1981). The flowering period generally occurs in 
April and May; fruit ripens from April to June, and fruit 
abscission occurs in July (Korthuis 1988). Coleoqvne is a 
member of the Rosaceae family and is a monotypic genus.
Coleoqvne-dominated vegetation is a dominant vegetation 
type in the Las Vegas Valley and the Mojave Desert, and 
covers several million hectares in the southwest. Yet 
Coleoqvne-dominated vegetation is probably the least 
studied major vegetation type in southern Nevada and the 
United States (Bowns and West 1976; Turner 1982; Jeffries 
and Klopatek 1987). Coleoqvne shrubs are established 
primarily along the Colorado River drainage and several 
adjacent enclosed basins of the Great Basin-Mojave Desert 
transition (Bowns and West 1976). Previous studies have 
shown that Coleoqvne is distributed between the lower 
elevational Larrea-Ambrosia (creosote bush-bursage) and 
higher elevational Pinus-Juniperus (pinyon-juniper) 
vegetation and that Coleoqvne is generally found on
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terraces and slopes of gravelly soils (Bowns 1973). The 
distribution of species in these three vegetation zones may 
depend largely upon abiotic factors. However, these 
factors have not been extensively tested to discover their 
relative importance in southern Nevada. Bowns (1973) 
suggests that cold air temperature limits the upper 
elevational boundary and that low soil moisture limits the 
lower elevational boundary of Coleoqvne communities in 
Utah. Hunter and McAuliffe (1994) proposed that geographic 
variation in precipitation exerts a major control on the 
lower elevational limits of Coleoqvne distribution in 
southern Nevada and California. The current composition 
and distribution of plant communities in southern Nevada 
has developed since the last pluvial period (20,000 to 
10,000 years B.P.; Bradley 1964). Shallow soils are 
typical of Coleogyne communities and may partially 
determine the abundance and distribution of Coleoqvne 
(Callison and Brotherson 1985).
Although some studies of Coleoqvne shrublands have been 
documented, relatively little information has been 
published regarding biotic and abiotic factors influencing 
the distribution of Coleoqvne in southern Nevada. The aim 
of this study was to provide information on the community 
ecology of Coleoqvne in southern Nevada. This research 
contained both extensive field surveys and intensive field 
and laboratory studies. The extensive surveys (Chapter 1)
were conducted on 15 elevational transects of Coleoqvne 
shrublands in the Spring and Sheep Mountain Ranges, located 
just north of Las Vegas. Woody taxa and elevational ranges 
of Coleoqvne vegetation zones were identified on the two 
mountain ranges. Multivariate statistical analyses 
(Chapter 2; TWINSPAN and DECORANA) were used to classify 
plant community types and to determine the relationship 
between the sampled plots and environmental factors, 
respectively. The intensive work measured (Chapter 3) 
various biotic and abiotic factors in detail to determine 
how Coleoqvne density and distribution were correlated with 
these factors across the lower elevational boundary of the 
Coleoqvne shrubland in Lucky Strike Canyon, located on the 
east side of the Spring Mountains.
CHAPTER 1
COMPOSITION AND DISTRIBUTION OF (COLEOGYNE 
RAMOSISSIMA (BLACKBRUSH) SHRUBLANDS 
IN SOUTHERN NEVADA
ABSTRACT
The distribution of Coleoqvne ramosissima (blackbrush) 
shrublands were surveyed on 15 elevational transects in the 
Spring and Sheep Mountain Ranges in southern Nevada.
Species richness, density, and proportional abundance among 
the 15 transects and within subsets of the data were 
delineated by geographical and elevational distribution.
The vegetation was classified into five vegetation zones: 
below blackbrush where the vegetation was dominated by 
Larrea tridentata-Ambrosia dumosa (creosote bush-bursage), 
at the lower and upper ecotones and in the center of the 
Coleoqvne zones, and above Coleoqvne where the vegetation 
was dominated by Pinus monophvlla-Juniperus osteosperma- 
Artemisia tridentata (pinyon-juniper-sagebrush). Coleoqvne 
shrublands shared relatively broad upper and lower ecotones 
with Pinus-Juniperus-Artemisia and Larrea-Ambrosia 
respectively. Coleoqvne vegetation was more frequently 
found on level topography than on steep slopes or in 
washes. The ecotone between Coleoqvne and Larrea-Ambrosia 
generally contained the highest species richness, whereas
4
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Pinus-Juniperus-Artemisia woodlands normally contained the 
lowest. Coleoqvne was less dense at its lower ecotone, 
primarily due to the presence of other shrub species.
INTRODUCTION
Coleoqvne dominates relatively large areas of vegetation in 
southern Nevada and the Mojave Desert. Coleoqvne 
vegetation zones are distributed at a particular elevation 
between Larrea-Ambrosia and Pinus-Juniperus-Artemisia 
vegetation zones and are distributed on terraces and slopes 
of gravelly soils (Bowns 1973) . Their current 
distributions probably developed since the last pluvial 
period (20,000 - 10,000 B.P.; Bradley 1964). West (1983) 
states that Coleoqvne establishes primarily on sandstone 
and limestone-derived soils and has a low tolerance of 
excessive salinity and low soil moisture. Coleoqvne growth 
begins in March but ceases when soil moisture becomes 
depleted in June. Low growth rates of blackbrush may be 
caused by shallow soils and a caliche layer, approximately 
3 0 to 50 cm below the surface, that impedes root growth and 
soil moisture recharge (West 1983). Bowns (1973) proposed 
that cold air temperature limits the upper elevational 
boundary and low soil moisture limits the lower elevational 
boundary of Coleoqvne communities in the state of Utah. 
However, factors limiting blackbrush distribution in
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southern Nevada have not been examined. In this chapter, 
the composition and distributional patterns of 15 
blackbrush vegetation zones on the Spring and Sheep 
Mountain Ranges in southern Nevada are assessed and 
compared to various physical factors.
METHODS
Species richness, density, and proportional abundance of 
all perennial woody species were quantified using 15 
transects that spanned the elevational distribution of 
blackbrush in the Spring Range (12 transects) and the Sheep 
Range (3 transects) in southern Nevada (Fig. 1). The 
transects in the Spring Range were subdivided into 3 
geographical areas based on aspect. Five vegetation zones 
were represented in my study and identified by their 
dominant species: Larrea-Ambrosia. Coleoqvne. Pinus- 
Juniperus-Artemisia . and the upper and lower Coleoqvne 
ecotones (Beatley 1969). Mean elevations of the five 
vegetation zones among the 15 transects were recorded.
Each of the 15 transects ran from the upper portion of 
Larrea-Ambrosia. through the Coleoqvne belt, and terminated 
at the lower portion of the Pinus-Juniperus-Artemisia 
vegetation.
Circular plots with a 5.65 m radius (100 m2) were placed 
at a fixed altitudinal interval of 65 m for each transect. 
Within each plot, presence of all woody perennial taxa
7
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Figure 1 Distribution of 15 elevational transects among 
four geographical areas: Sheep Range (transects #11, 12, 
13); south Spring Range (transects #3, 4, 5, 7); east 
Spring Range (transects #1, 2, 10, 15); west Spring 
Range (transects #6, 8, 9, 14). Elevational contours are 
in meters.
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(> 10 cm tall) were recorded. These included shrubs and 
subshrubs, but not perennial forbs or annual species. 
Subshrubs are plants that have suffrutescent stems at the 
base with herbaceous stems making up the canopy. Canopy 
diameters were calculated by computing the average of the 
longest and the shortest dimension of the plant canopy.
The percentage of rock, soil, and vegetation cover was 
visually estimated and assigned to a scale of one of six 
cover categories (absent, 1-5%, 6-25%, 26-50%, 51-75%, and 
76-100%).The aspect of each plot was recorded. Transects 
contained 9 to 16 plots depending on the range of the upper 
and lower boundaries of the Coleoqvne zone; a total of 181 
plots were sampled. Habitats included in the transects 
were classified as slopes, flat surfaces, and dry washes. 
Cliffs and stream beds were excluded, but substitute plots 
were measured at the identical elevation. All plots were 
greater than 50 m from existing roads to eliminate possible 
road effects. Rank abundance curves were plotted based on 
the proportional abundance (Pi) for each species in the 15 
transects and in each vegetation zone. The value of Pi was 
calculated by dividing the total number of individuals of 
each species by the total number of individuals of all 
species present at each vegetation zone. The Pi 
represented the distribution of species abundances in 
vegetation zones when plotting Pi against rank. The Pi for 
the most abundant species was plotted first, the second
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most abundant species was plotted second and so on until 
all species in each vegetation zone were plotted. Species 
evenness was quantified by expressing Simpson's index, (D), 
ranging from 0 to 1.
RESULTS AND DISCUSSION
Results of one-way analysis of variance (ANOVA) showed 
that, with all 15 transects combined, species richness 
declined significantly (p = 0.0001) from the lower 
Coleoqvne ecotone to the Pinus-Juniperus-Artemisia zone 
(Fig. 2). The only deviation from this pattern was among 
the transects on the southside of the Spring Mountain 
Range, where greater species richness occurred at higher 
elevation, mainly due to the presence of riparian 
vegetation in Red Rock Canyon. Plants in riparian areas 
were generally more diverse, perhaps due to less water 
stress during droughts. Creosote bush and bursage both had 
highest mean densities at plots below the lower limits of 
Coleoqvne and lower densities in the lower Coleoqvne 
ecotone (Fig. 3). They were completely absent from the 
central portion of the Coleoqvne zone. Artemisia first 
appeared at the upper Coleoqvne ecotone with less than 10% 
cover and replaced Coleoqvne at higher elevation with 
greater than 60% cover (Fig. 3). In southern Nevada, 
Coleoqvne stands rarely occur above 2,000 m unless they are 
situated on south-facing slopes. Coleogyne sometimes
10
VEGETATION ZONE
Figure 2 Mean species richness within five vegetation 
zones in the Spring and Sheep Mountain Ranges of southern 
Nevada. Symbols: Larrea tridentata (LAm); lower Coleoqvne 
ecotone (LCo); Coleogyne (Co); upper Coleoqvne ecotone 
(UCo); and Pinus-Juniperus-Artemisia (PJA). Narrow 
vertical bars denote standard errors, and columns labeled 
with different ldtters are significantly different p < 
0.05.
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Figure 3 Mean densities of dominant woody plant species 
within five major vegetation zones in the Spring and Sheep 
Mountain Ranges. Symbols of species: Ambrosia dumosa 
(Amdu); Larrea tridentata (Latr); Coleoqvne ramosissima 
(Cora); Artemisia tridentata (Artr); and Juniperus 
osteosperma (Juos). Symbols of vegetation zones are 
explained in Figure 2.
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occurs below 1,350 m in elevation on north-facing slopes. 
Mean elevations of the five vegetation zones on the 15 
transects were: Larrea-Ambrosia stand = 1,155 + 40 m; lower 
Coleoqvne ecotone = 1,335 + 60 m; Coleoqvne = 1,560 
+ 45 m upper Coleoqvne ecotone = 1,770 + 50 m; and Pinus- 
Juniperus-Artemi s ia = 1,870 + 50 m. Coleoqvne shrublands 
generally have relatively broad upper and lower ecotones. 
The zone of vegetation dominated by Coleoqvne overlapped 
with Pinus-Juniperus-Artemisia and Larrea-Ambrosia zones by 
more than 100 m in elevation.
Larrea-Ambrosia. Coleoqvne. and Pinus-Juniperus- 
Artemisia dominated their respective vegetation zones, as 
indicated by rank abundance curves (Fig. 4). The Coleoqvne 
and lower Coleoqvne ecotones had the greatest species 
richness with 36 species in each vegetation zone. The 
Larrea-Ambrosia stands had the highest species evenness (E 
= 0.24) as noted by the flat abundance curve, indicating 
the similar abundance of most shrub species. However, the 
Coleoqvne-dominated zone had the lowest evenness (E = 0.05) 
due to the dominance of Coleoqvne shrubs. Relatively 
mature and stable blackbrush stands tend toward 
monospecific dominance. Pinus-Juniperus-Artemisia stands 
also had a low species evenness (E = 0.09) and a relatively 
steep rank-abundance curve because of the dominance of 
Artemisia. Pinus and Juniperus trees, although visually a 
dominant component of the vegetation at the upper
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Spring and Sheep Mountains
Figure 4 Rank-abundance curves of woody plants in 5 
vegetation zones the Spring and Sheep Mountain Ranges. 
Symbols of vegetation zones are explained in Figure 2.
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elevation, were not abundant in the study plots. The upper 
Coleoqvne ecotone had a higher evenness (E = 0.11) than the 
Pinus-Juniperus-Artemisia woodland.
Coleoqvne stands were more common on level topography 
(39%) or gentle slopes (50%) than on steep slopes (> 45°;
5%) or in active washes (6%).
CONCLUSIONS
The Coleoqvne community is one of the dominant 
vegetation types in southern Nevada. Coleoqvne stands 
range from approximately 1,350 m elevation on north-facing 
slopes to over 2,000 m on south-facing slopes. The mean 
elevational range of 15 transects were 1,120 to 1,835 m.
The lower Coleoqvne boundary had the greatest species 
richness; Pinus-Juniperus-Artemisia stands had the lowest 
richness. However, this pattern was only significant when 
all elevational transects were combined, presumably due to 
elevational and topographical variation among transects. 
Despite broad ecotones, Coleoqvne stands were nearly 
monospecific. Only Artemisia had higher densities than 
Artemisia. All five vegetation zones were dominated by one 
or two species that accounted for greater than 16% of all 
vegetation cover of the dominant species. Species evenness 
generally decreased with elevation, but was lowest for the 
Coleoqvne vegetation zone.
CHAPTER 2
CLASSIFICATION AND ORDINATION OF COLEOGYNE 
COMMUNITIES IN SOUTHERN NEVADA
ABSTRACT
The woody plant community composition was analyzed 
throughout the range of Coleoqvne ramosissima in the Spring 
and Sheep Mountain Ranges of southern Nevada. The lower 
Coleoqvne elevational boundary was analyzed in detail in 
one particular area, called Lucky Strike Canyon on the 
eastern edge of the Spring Mountains. Larrea tridentata- 
Ambrosia dumosa. Coleoqvne ramosissima. and Pinus 
monophvl1a-Juniperus osteosperma were the three dominant 
vegetation types analyzed in the Spring and Sheep Mountain 
Ranges. TWINSPAN (two-way indicator species analysis) 
identified four major species groups and five stand groups 
from the two mountain ranges (extensive survey), and four 
major species groups and six stand groups in the detailed 
study at the lower Coleoqvne ecotone with Larrea and 
Ambrosia (intensive survey). DECORANA (detrended 
correspondence analysis) revealed that elevation and soil 
depth were the most significant environmental factors 
associated with the distribution of stand and species 
groups in the extensive survey. Factors such as topography 
and percent soil cover showed significant, but weak,
15
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correlations with the stand ordination scores. These two 
variables may have some influence on the final groupings of 
stand and species in the Spring and Sheep Mountain Ranges. 
However, elevation was the only significant physical factor 
associated with the distribution of species and stand 
groups in the intensive survey. Five vegetation zones were 
identified based on their dominant species. Although some 
species established in more than one vegetation zone, they 
were most abundant in a particular vegetation zone.
Ambrosia dumosa. Coleoqvne ramosissima. Gutierrezia 
sarothrae. and Pinus monophvlla were strong indicators of 
the first, second, third, and fourth species groups, 
respectively, distributed along the entire elevational 
gradient. Larrea tridentata. Ambrosia dumosa. Yucca 
brevifolia. and Coleoqvne ramosissima were strong 
indicators of the first, second, third, and fourth species 
groups, respectively, distributed along the lower boundary 
of Coleoqvne-dominated stands.
INTRODUCTION
Larrea tridentata-Ambrosia dumosa. Coleoqvne 
ramosissima. and Pinus monophvlla-Juniperus osteosperma are 
three of the dominant vegetation types in southern Nevada. 
The vegetation of the Las Vegas Valley and lower slopes of 
adjacent mountains is dominated by Larrea-Ambrosia. the
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mid-elevation by Coleoqvne. and the upper elevation by the 
Pinus-Juniperus vegetation. Previous studies have shown 
that air temperatures in Coleoqvne stands range from -24 °C 
to 47 °C in Utah (Korthuis 1988). Korthuis (1988) 
proposed that the upper distributional limit of Coleoqvne 
may be set by low air temperatures and that cold air 
draining down from adjacent mountain slopes may limit the 
establishment of Coleoqvne on basin floors. The lower 
elevational limit of Coleoqvne may be determined by low 
soil moisture in Utah (Bowns 1973). Annual precipitation 
ranging from 180 to over 270 mm appears to be required for 
development of Coleoqvne stands in the Mojave Desert 
(Hunter and McAuliffe 1994). Shallow soils are typical of 
Coleoqvne stands and may partially determine the Coleoqvne 
abundance and distribution of Coleoqvne in Utah (Callison 
and Brotherson 1985). Shrubs are more widely-spaced at 
lower elevations and become less widely-spaced with higher 
percentage vegetation cover as elevation increases (Beatley 
1969). The distribution of species in these three 
communities may depend largely upon certain abiotic 
factors, but little is known about what determines the 
patterns of species distribution in southern Nevada.
In this chapter, (1) percent cover for all woody 
perennial species was calculated, (2) vegetation types were 
classified using multivariate statistical analysis 
(TWINSPAN), and (3) the relationship between the
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distribution of desert plant species groups and 
environmental factors were determined (DECORANA). The 
primary goal of this study was to characterize species 
composition and to determine which environmental factors 
were most important in structuring the vegetation zones and 
the lower boundary of Coleoqvne ramosissima in southern 
Nevada.
Study Area
The study was located in the Spring (36°0'N, 115°30'W) 
and Sheep (3505O'N, 115°35'W) Mountain Ranges, 
approximately 65 km northwest of Las Vegas, Nevada. The 
precipitation pattern of southern Nevada includes summer 
storms and winter rains. Summer rain generally occurs in 
July and August and can sometimes be local and intense. 
Winter rain is widespread and may last up to several days. 
Snow is frequent at higher elevations, particularly in the 
Pinus-Juniperus and upper Coleoqvne communities. 
Precipitation is positively correlated with increase in 
elevation (Rowlands et. al 1977).
Southern Nevada is an area of temperature extremes with 
the coldest winter temperatures of -10°C and the warmest 
summer temperatures of 47°C. Temperature means and 
extremes are negatively correlated with increasing 
elevation (Rowlands et. al 1977). Relative humidity is low 
(20% or less common in the summer months) and evaporation
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is exceedingly high.
Five vegetation zones in the Spring and Sheep Mountain 
Ranges were sampled: Mean elevations of the five vegetation 
zones on 15 transects are shown in Chapter 1. Because 
Coleoqvne-dominated zones had relatively broad upper and 
lower ecotones, they were subdivided into pure stands, and 
upper and lower elevational boundaries for further 
examination of the species distribution and associated 
physical factors.
METHODS
Field Surveys
Broad patterns of vegetation zonation were examined with 
twelve transects located in the Spring Mountains, and three 
in the Sheep Range. "Extensive" transects referred to the 
ones in the Spring and Sheep Mountain Ranges. Each 
"extensive" transect included two plots in the community 
just below the Coleoqvne shrubland, and extended throughout 
the entire Coleoqvne belt and included two plots in the 
Pinus-Juniperus woodland just above Coleoqvne. Plots were 
spaced at a fixed elevational interval of 65 m and were 
circular (100 m2; 5.65 m radius). The lower ecotonal area 
of Coleoqvne was examined in more detail at the location of 
one of the original transects on the eastern side of the 
Spring Mountains. Six replicate 100 m2 circular plots were 
located at each of six elevations at 30 m elevational
intervals in Lucky Strike Canyon between 1,160 - 1,310 m 
elevation. "Intensive" transects referred to the six 
elevations along the lower Coleoqvne ecotone. The same 
data was collected in these "intensive" plots as in the 
"extensive" plots. More detailed descriptions regarding 
the 15 "extensive" transects are shown in Chapter 1.
Statistical Analyses
TWINSPAN (Hill 1979) was used to classify vegetation 
types and to identify species groups based on vegetation 
similarities among the sampled stands. Each stand group 
represented a vegetation zone from the lowest to the 
highest elevational groups in the Spring and Sheep Mountain 
Ranges. Stand Group 1 was characterized by Larrea- 
Ambrosia shrublands, while stand group 5 was characterized 
by Pinus-Juniperus woodlands (see Chapter 1 for vegetation 
zones). Moreover, each stand group represented an 
elevation along the lower Coleoqvne boundary from the 
lowest to the highest elevational groups. Stand group 1 
was characterized by Larrea-Ambrosia stands, while stand 
group 6 was characterized by the nearly monospecific 
Coleoqvne stands. The sampled plots were divided into two 
groups, and each of the two groups were then divided again 
and so on. The dichotomy was terminated if there were four 
or fewer plots in a group (Kent and Coker 1992) . Kent and 
Coker (1992) further proposed that eigenvalue was generated
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in each dichotomy by TWINSPAN analysis. The size of the 
eigenvalue reflects the importance of each component in 
explaining the total variation within the data set. The 
eigenvalue, ranging from 0 to 1, was largest at the initial 
dichotomy and became smaller with each successive 
dichotomy. One sampled plot was eliminated because of the 
existence of numerous rare (riparian) species.
The species ordination scores were generated by DECORANA 
(Hill 1979). Each point on the diagram corresponded to a 
species and the distance between points on the graph were 
an approximation of their degree of similarity (Kent and 
Coker 1992). The distances between points on the diagram 
increased as species distributions diverged and as species 
occupied different vegetation zones. Similarly, the stand 
ordination scores were also generated by DECORANA, and the 
interpretation resembled the species ordination scores.
The distances between points increased as stand 
distributions diverged. The stand and species scores could 
be matched with environmental parameters to detect 
vegetation and plot variations in relation to environment. 
The first and second ordination axes were orthogonal and 
thus indicative of different sources of environmental 
variation. A diagonal trend of species and stand 
distributions across an ordination diagram would result in 
significant correlations on both axes (Kent and Coker 
1992) .
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Classification and ordination techniques were applied to 
a total of 180 sampled plots from 15 elevational transects 
in the Spring and Sheep Mountain Ranges (extensive plots) 
and 3 6 plots at the lower elevational limit of Coleoqvne in 
Lucky Strike Canyon (intensive plots).
RESULTS
Four major species groups from the 67 species of woody 
taxa were identified by TWINSPAN analysis from the 
extensive transects in the Spring and Sheep Mountains 
(Table 1). Species in group A were typical of Larrea- 
Ambrosia stands and the lower elevational limit of 
Coleoqvne. and included Larrea tridentata. Ambrosia dumosa. 
Ephedra nevadensis. Yucca schidiqera. and Acamptopappus 
shocklevi. These species tended to occupy slopes and 
terraces at low elevations. Species in group B were 
typical of nearly monospecific stands of Coleoqvne. and 
included Yucca brevifolia. Prunus fasciculata. and 
Thamnosma montana.
Species in group C were typical of the upper Coleoqvne 
ecotone, with Atriplex canescence. Gutierrezia sarothrae. 
and Chrvsothamnus nauseosus as the representative species. 
Although Gutierrezia sarothrae existed in Coleoqvne stands, 
it was particularly abundant in the upper Coleoqvne 
ecotone. Species in group D were typical of Pinus- 
Juniperus woodlands. Pinus and Juniperus were the two co-
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Table 1. Species groups were identified by TWINSPAN from 
15 transects acrossing the entire elevational range of 
Coleoqvne in the Spring and Sheep Mountain Ranges. Major 
species groups were arranged alphabetically from the lowest 
(Group A) to the highest (Group D) elevational groups. See 
Appendix 3 for species abbreviations.
Group A Group B Group C Group D
ACGR CORA
ACSH OPBA
AMER OPEC
AMDU PRFA
ATCO THMO
CHLI YUBA
COME YUBR
DYCO
ECPO
ENVI
EPNE
ERFA
EULA
GACO
GRSP
HYSA
KRPA
LATR
LEFR
LYAN
MATO
MESP
MIFR
MOUT
OPAC
OPPO
OPRA
PSCO
PSFR
SADO
SAME
STPA
OPEC
ATCA AGUT
CHNA AMUT
GUSA ARPU
STPI ARTR
CEGR
CELE
EPVI
FONE
JUOS
PIMO
RHTR
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dominant genera in these communities, with Juniperus 
osteosperma more abundant at lower elevations and Pinus 
monophvlla more common at higher elevations. Artemisia 
tridentata was the major understory species; associated 
species, including Falluqia paradoxa. Ephedra viridis, 
Cercocarpus ledifolius and Forsellesia nevadensis. were 
also present, but with fewer individuals.
Four main species groups from 26 woody perennials were 
identified by TWINSPAN analysis from the intensive plots at 
the lower boundary of the Coleoqvne vegetation in Lucky 
Strike Canyon (Table 2). Species in group A were typical 
of Larrea-Ambrosia stands dominated by Larrea tridentata 
and Yucca schidiqera. Species in group B were typical of 
the lower half of the lower Coleoqvne ecotone, were 
dominated by Ambrosia dumosa. and were generally short 
shrubs. Species in group C were typical of the upper half 
of the ecotone, with Yucca brevifolia and Acamptopappus 
shocklevi as the most abundant species. Species in group D 
were typical of the nearly monospecific Coleoqvne stands, 
with Coleoqvne as the dominant species and Gravia spinosa 
as a common associated species. Hvmenoclea salsola existed 
in or near the edges of washes within the Coleoqvne- 
dominated stands in this group.
Analysis of the 180 extensive and 36 intensive plots 
using DECORANA resulted in significant stand group 
segregation along axis 1, but not along axis 2 (Fig. 5).
Table 2. Species groups identified by TWINSPAN from 6 
transects at the lower Coleoqvne ecotone in Lucky Strike 
Canyon. Major species groups are arranged alphabetically 
from the lowest (Group A) to the highest (Group D) 
elevational groups. See Appendix 1 for species 
abbreviations.
Group A Group B Group C Group D
ENVI AMDU ACSH CORA
ERFA EPNE LYAN ECPO
FAPA EULA MATO GRSP
LATR KRPA YUBA HYSA
OPAC MESP YUBR OPBA
OPEC
OPRA
PSCO
PSFR
SAME
YUSC
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Figure 5 Stand ordination with different major groups 
representing different symbols determined by TWINSPAN from 
the Spring and Sheep Mountain Ranges (extensive transects). 
Axis 1 of the stand ordination was significantly correlated 
with elevation and soil depth. However, axis 2 was not 
significantly correlated with any physical factors in the 
Spring and Sheep Mountain Ranges.
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Pearsons correlation analysis indicated that axis 1 of the 
stand ordination was significantly correlated with 
elevation (r = -0.79, p < 0.001) and soil depth (r = -0.54, 
p < 0.001). Axis 1 also revealed significant, but weak, 
correlations with topography (r = -0.33, p < 0.001) and 
percent soil cover (r = -0.35, p < 0.001) in the Spring and 
Sheep Mountain Ranges. Axis 2, however, was not 
significantly correlated with any of the parameters in the 
two mountain ranges as shown in Table 3. In Lucky Strike 
Canyon, axis 1 of the stand ordination (Fig. 6) was 
significantly correlated with elevation (r = 0.90, p < 
0.001) as shown in Table 4. Axis 2 was not significantly 
correlated with any measured variables. Figures 7 and 8 
illustrate the distribution of TWINSPAN species groups and 
individual species along DECORANA axes 1 and 2 in the 
Spring and Sheep Mountain Ranges and Lucky Strike Canyon, 
respectively, reflecting that different plant species 
occupied different elevations and vegetation zones in 
southern Nevada.
Table 3. Results of Pearsons correlation analysis by 
matching the first and second axis of stand ordination 
scores acquired from DECORANA to various physical factors 
in the Spring and Sheep Mountain Ranges, r is the 
coefficient of linear corelation. Significance levels: * 
p < 0.05, **: p < 0.01, ***: p < 0.001, NS: non­
significant.
Axis 1 Axis 2
r r
Elevation -0. 79 hh-0.24
Soil depth -0.54*** —0. 03ns
Percent soil cover * __*** -0.35 0.10NS
Topography -0.33*** _ _ . ** -0. 24
Ground surface 0.10NS -0.20**
Plot aspect 0.10NS 0. 03ns
Percent rock cover 0. 03ns 0.10NS
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Figure 6 Stand ordination with different major groups 
representing different symbols determined by TWINSPAN from 
the lower Coleoqvne ecotone at Lucky Strike Canyon 
(intensive transects). Axis 1 of the stand ordination 
were significantly correlated with elevation in lower 
Coleoqvne boundary of Lucky Strike Canyon.
J U U
250
200
CnJ
22 150x<
100
50
_l------ J------ !------ ! r
LUCKY STRIKE CANYON 
PERCENT COVER, STANDS
□
o
o
o
A
ZA
D BB
□ ■ sa
J_________ L
Table 4. Results of Pearsons correlation analysis by 
matching the first and second axis of stand ordination 
scores acquired from DECORANA to various physical factors 
in the lower Coleoqvne elevational boundary at Lucky Strike 
Canyon, r is the coefficient of linear correlation. 
Significance levels: *: p < 0.05, **: p < 0.01, ***: p < 
0.001, NS: non-significant.
Axis 1 
r
Axis 2 
r
Elevation _ _ _ 0.90 0.40*
Ground surface 200CM•01 0.2 6ns
Percent soil cover 0 . 24ns — 0 . 28ns
Soil depth -0. 17ns 0. 03ns
Topography -0. 003ns 0 . 33ns
Plot aspect — —
Percent rock cover —— --
— Coefficient cannot be computed and correlated
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Figure 7 Species ordination with different major groups 
representing different symbols determined by TWINSPAN from 
the Spring and Sheep Mountain Ranges (extensive 
transects). Some uncommon species and overlapping points 
were omitted for ease of interpretation and visualization. 
See Appendix 3 for species abbreviations.
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Figure 8 Species ordination with different major groups 
representing different symbols determined by TWINSPAN from 
the lower Coleoqvne ecotone at Lucky Strike Canyon 
(intensive transects transects). See Appendix 5 for 
species abbreviations.
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DISCUSSION
Vegetation types and patterns in southern Nevada can be 
classified and correlated with environmental variables.
Data from 15 transects from the foothills of the Spring and 
Sheep Ranges were pooled to detect the significance of 
specific physical factors that appear to play a vital role 
in structuring vegetation zones in southern Nevada.
Topographic diversity could affect the species 
composition and distribution of Larrea-Ambrosia and 
Coleoqvne vegetation. Plant diversity increases with 
topographic diversity (Barbour 1977). For instance, 
Hvmenoclea salsola. Salvia dorrii. Salazaria mexicana. and 
Chilopsis linearis were some of the species found 
frequently in or near the edges of washes within the 
Larrea-Ambrosia shrublands and lower Coleoqvne boundary. 
Larrea, Ambrosia, and Coleoqvne shrubs were most abundant 
on level topography and on slopes, but were less abundant 
in washes. The Larrea-Ambrosia community dominates 
between elevations of 900 to 1,200 m in southern Nevada 
(Beatley 1969). Ambrosia was a dominant species because of 
its high density. Larrea was a dominant species because of 
its visual rather than numerical dominance. Larrea is a 
relatively widespread species, with other species joining 
Larrea as elevation and habitat change (Beatley 1976). 
Turner (1982) suggested that Larrea can also have other 
codominant species, such as Atriolex spp., Grayia spinosa.
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and Lvcium andersonii. The Larrea-Atriplex association 
predominates on calcareous soils derived from limestone- 
dolomite mountains and hills and is a major association of 
the Mojave Desert in south-central Nevada (Beatley 1976; 
Turner 1982). The Larrea-Grayia association is common on 
relatively poorly developed surface pavement, with sandy 
loam soils and with hardpan mostly missing from near the 
surface (Turner 1982).
Larrea-Ambrosia shrublands are limited at their upper 
elevational boundaries by low air temperatures because of 
the severity of winter frost and an excess amount of 
rainfall in winter months (Bowns 1973). Density of Larrea 
declines with decreasing air temperature. Beatley (1974) 
stated that the average extreme minimum air temperatures on 
all Larrea-Ambrosia sites were above -17°C; the absolute 
minimum was -22°C. Mean annual rainfall in these 
communities ranges from 118 to 183 mm (Beatley 1974). In 
many communities, Larrea shrubs are tallest and largest at 
its upper ecotone; this may be due to abundant rainfall, 
with an average annual rainfall of 160 mm (Beatley 1974), 
as well as lower air temperatures that reduce evaporation 
from the soil surface in summer seasons.
Coleoqvne shrublands established at mid-elevations on 
well-drained colluvial slopes between elevations of 1,300 
to 2,100 m. Coleoqvne ramosissima was a dominant shrub in 
its vegetation type in terms of height and cover.
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Coleoqvne stands rarely established above 2,000 m unless 
they were situated on south-facing slopes; Coleoqvne 
sometimes established below 1,350 m in elevation on north- 
facing slopes (Lei and Walker 1994). Callison and 
Brotherson (1985) noted that Coleoqvne is the most abundant 
species in this community and may contribute over 75% of 
the total vegetation cover, while the associated species 
may contribute less than 15%. My data revealed that the 
Coleoqvne-dominated zone was nearly monospecific with other 
species comprising less than 28% of the total number of 
individual species among the 15 transects on two mountain 
ranges. Cacti were rare and were sparsely distributed in 
Coleoqvne communities, and many cacti are vulnerable to 
prolonged winter freezing temperatures (Larson 1977).
Larson (1977) believes that some cacti are severly damaged 
if the air temperatures fall below freezing. In general, 
Coleoqvne-dominated zones were floristically simple, 
perhaps due to the dominance of Coleoqvne shrubs (Lei and 
Walker 1994) and the homogeneous environmental conditions. 
West (1983) stated that composition and productivity of 
annuals in Coleoqvne communities vary from year to year 
because they rely heavily on the amount of precipitation. 
Bromus rubens and B. tectorum are the primary winter 
annuals. They tend to form carpet-like vegetation among 
shrubs in the spring seasons during wet years. Although 
there is a zone of overlap between the two Bromus species,
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B. rubens is more abundant at the lower Coleoqvne ecotone, 
while B. tectorum is more common at the upper Coleoqvne 
ecotone (Beatley 1966).
A negative correlation exists between the abundance of 
grasses and shrubs in Coleoqvne communities. Grasses, 
forbs, and cryptogamic crusts are more common on deeper 
soils where clay, silt, and mineral nutrients are more 
abundant whereas shrubs are more common on shallow and 
sandy soils (Callison and Brotherson 1985). For these 
reasons, edaphic factors appear to control the 
distributions of shrubs, grasses, forbs, and cryptogamic 
crusts in Coleoqvne vegetation zones.
Coleoqvne gradually became less abundant as elevation 
increased, yet it disappeared rapidly when Artemisia 
tridentata entered the upper Coleoqvne boundary. However, 
Gutierrezia sarothrae was particularly abundant and was 
frequently found on disturbed sites. Harsh and prolonged 
cold winter temperatures appear to play a major role in 
preventing the desert shrubs at lower mountain slopes from 
migrating upslope. Species evenness generally decreased as 
elevation increased, but was lowest in the Coleogvne- 
dominated communities in southern Nevada (Lei and Walker 
1994). Bowns (1973) proposed that cold air temperatures in 
winter months may be a factor limiting the distribution of 
Coleoqvne at its upper elevational boundary.
The Pinus-Juniperus woodlands generally occupy
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elevations between 1,535 to 2,135 m in the southwestern 
United States (Wright and Bailey 1982), and are established 
above the Coleoqvne shrublands in southern Nevada. The 
woodlands may be relatively dense stands with little 
vegetation on the forest floor, or they may be more open 
with scattered Artemisia, forbs, and grasses in the 
interspaces (Howell 1941).
The Pinus-Juniperus woodlands receive precipitation 
largely in the form of snow. Freezing temperatures and 
relatively strong winds in winters are frequent and prevent 
shrubs at lower mountain slopes from migrating upslope. 
Ephemerals are confined to growth during summer months. 
Yucca and cacti are uncommon. For theses reasons, the 
Pinus-Juniperus woodland is also a floristically simple 
woodland.
A significant species overlap, between Larrea-Ambrosia 
stands and species in the lower half of the lower Coleoqvne 
boundary, existed because habitat and topography did not 
change abruptly in Lucky Strike Canyon. Common associates 
in the Coleoqvne shrublands, including Yucca brevifolia. 
began to appear as the elevation of the plots increased 
slightly along the ecotone. Coleoqvne occurred in nearly 
monospecific Coleoqvne stands, and was by far the most 
abundant species in Lucky Strike Canyon.
DECORANA analysis indicated that axis 1 of the stand 
ordination revealed significant correlations between the
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distribution of sample stands and elevation and soil depth 
in the Spring and Sheep Mountain Ranges. Decreased air and 
soil temperatures, increased precipitation, and increased 
soil moisture were associated with increases in elevation. 
DECORANA showed significant, but weak, correlations between 
the stand ordination scores and topography and percent soil 
cover, and may have had some influence on the final 
groupings of stand and species identified by TWINSPAN 
analysis. Soil depth appeared to be a significant physical 
factor limiting Coleoqvne distribution. Coleoqvne 
communities exhibited relatively shallow soils due to 
caliche layers 3 0 to 50 cm beneath the soil surface and 
only a few Coleoqvne roots may penetrate through the 
caliche layer (West 1983). The area of 0 to 10 cm below 
the soil surface contained a few Coleoqvne roots; only the 
roots of annuals or forbs were identified in this zone 
(Bowns and West 1976). The shrub can trap aeolian 
materials, and greater root activity and weathering cause a 
depression of the petrocalcic layer directly under shrubs 
(West 1983). The root biomass in these communities was 
primarily located between 10 and 30 cm and is negatively 
correlated with soil depth in Coleoqvne communities (Bowns 
and West 1976) . Soil depth was shallowest in the Coleoqvne 
communities but was deepest in the Pinus-Juniperus 
woodlands. Shallow soils results in low root:shoot ratio 
and limited root development in Coleoqvne communities (West
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1983) .
Coleoavne zones had a higher percentage of vegetation 
cover than the Larrea-Ambrosia zone because shrub density 
was higher. Many shrub species can occur around Coleogyne 
canopies because Coleogyne roots apparently do not release 
chemical toxins that repress the growth and development of 
other nearby species (Bowns and West 1976), as has been 
shown for Larrea tridentata (Mahall and Callaway 1992). 
Pinus-Juniperus woodlands had an even higher percent cover 
because these two co-dominant trees have relatively large 
canopy areas. Percent soil cover was greater as elevation 
increased, particularly from Coleogyne to Pinus-Juniperus 
zones. Percent soil cover increased as percent rock cover 
decreased in the Pinus-Juniperus woodlands. Batanouny 
(1973) stated that topographies are associated with the 
occurrence of various microhabitats which are different in 
terms of their water resources, soil properties, 
microclimatic conditions, and consequently, plant cover.
The sampled stands were distributed primarily along axis 1 
in the Spring and Sheep Mountain Ranges.
DECORANA results indicated that Axis 1 of the stand 
ordination showed a significant correlation between the 
distribution of sampled plots and elevation in the lower 
Coleogyne ecotone of Lucky Strike Canyon. Stand aspect 
could not be correlated because all of the stands occurred 
on northwest-facing slopes. Percent rock cover also could
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not be correlated because all of the stands had a rock 
cover of over 75%. Habitat and topography did not change 
abruptly throughout the lower Coleocrvne elevational 
boundary. Hence, elevation was the most important 
independent variable to detect stand and species grouping 
on axis 1 in Lucky Strike Canyon and the Spring and Sheep 
Mountain Ranges in southern Nevada (Tables 3 and 4).
DECORANA analysis also generated species ordination 
scores, with each point corresponding to a species.
Species ordination illustrated the degree of similarity of 
species' distributions across the plots (Kent and Coker 
1992). For instance, Artemisia tridentata. Juniperus 
osteosperma. and Pinus monophylla grouped together because 
they occupied the same vegetation zone with similar 
environmental factors in the Spring and Sheep Mountain 
Ranges (Fig. 7). Similarly, Erioaonum fasciculatum and 
Coleogyne ramosissima grouped separately on the species 
ordination diagram. The former species was found in the 
pure Larrea-Ambrosia stands, while the latter were found in 
the nearly monospecific Coleogyne stands in Lucky Strike 
Canyon (Fig. 8).
Certain physical factors appear to play an essential 
role in limiting Coleogyne distribution to a well-defined 
elevational band between approximately 1,050 - 2,150 m in 
the Spring and Sheep Mountain Ranges in southern Nevada. 
Studying various environmental factors along the
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elevational gradient would contribute to an understanding 
of which physical factors are most important in determining 
the current distribution of Coleogyne and in structuring 
the vegetation zones in southern Nevada. The relationships 
between the distribution of sampled plots and various 
physical factors are purely correlative. Experimental, 
functional, and ecosystem approaches are required to 
further understand the relationships between the 
distributions of vegetation zones and environmental factors 
in southern Nevada. Extensive studies of these physical 
factors in Coleogyne shrublands across its entire 
geographical range in the southwestern deserts are required 
to determine the ecological requirements of Coleogyne and 
the specific environment it occupies.
CHAPTER 3
BIOTIC AND ABIOTIC FACTORS INFLUENCING THE 
DISTRIBUTION OF COLEOGYNE COMMUNITIES 
IN SOUTHERN NEVADA
ABSTRACT
Coleogyne ramosissima is a desert shrub that forms a 
nearly monospecific shrubland, and occupies a well-defined 
elevational band between approximately 1,050 - 2,150 m on 
mountain ranges in southern Nevada. The Coleogyne 
shrubland shares relatively broad upper and lower ecotones 
with Pinus-Juniperus and Larrea-Ambrosia vegetation zones, 
respectively. I characterized to what extent Coleogyne 
density was correlated with environmental factors and 
examined variation in biotic and abiotic factors along the 
lower elevational boundary of Coleogyne in Lucky Strike 
Canyon, near Las Vegas, Nevada. Coleogyne density was 
positively correlated with gravimetric soil moisture, soil 
organic matter, Coleogyne water potential, Coleogyne stem 
and leaf phosphorus, and Coleogyne leaf biomass. However, 
Coleogyne density was negatively correlated with soil 
temperatures, soil compaction, Coleogyne stem and leaf 
nitrogen, and Coleogyne stem biomass and elongation. 
Coleogyne density was weakly correlated with soil depth, 
soil pH, soil nitrogen, and soil phosphorus, that did not
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exhibit a consistent pattern with increasing elevation. 
Edaphic factors, particularly soil moisture and soil 
organic matter, appear to play a major role in determining 
the distribution of Coleogyne shrublands at its lower 
ecotone in southern Nevada.
INTRODUCTION
Coleogyne ramosissima Torr. (blackbrush) is a member of 
the Rosaceae family and is the only species in the genus 
Coleogyne. Coleogyne primarily establishes along upper 
and central portions of the Colorado River drainage and is 
an endemic that is widespread in the southwestern United 
States (Bowns 1973). Previous studies have shown that 
Larrea-Ambrosia plant communities appear to dominate 
between 900 - 1,200 m elevation and are replaced by 
Coleogyne shrublands from 1,200 - 1,500 m elevation in the 
Mojave Desert (Beatley 1969). Coleogyne is replaced by 
Pinus-Juniperus woodlands at elevations of 1,500 to 1,800 
m, depending on aspect. Coleogyne generally forms nearly 
monospecific stands with relatively broad upper and lower 
ecotones that overlap adjacent communities by as much as 
100 or more meters in elevation in southern Nevada (Lei and 
Walker 1994). Coleogyne is a dominant shrub species in 
undisturbed zones; it can also be a major understory 
species in Pinus-Juniperus woodlands (Korthuis 1988). 
Coleogyne generally grows well on sand, sandy loam and
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loam, less well on gravel and clay loam, and poorly on 
dense clay soils (Korthuis 1988). Bowns (1973) suggested 
that low soil moisture limits the lower elevational 
boundary of Coleogyne communities in Utah. Hunter and 
McAuliffe (1994) suggested that increased precipitation is 
the paramount factor permitting the downslope establishment 
of Coleogyne in southern Nevada. In the vicinity of 
Searchlight in southern Nevada, Coleogyne establishes as 
low as 1,080 m, whereas around Death Valley of southern 
California, Coleogyne is absent below 1,350 m in elevation 
(Hunter and McAuliffe 1994). Hunter and McAuliffe further 
proposed that current geographic variation in precipitation 
appears to control the Coleogyne distribution at its lower 
elevational boundary. I examined the biotic and abiotic 
factors that might limit Coleogyne at its lower elevational 
limits in southern Nevada.
Historical Biogeography
Packrat (Neotoma spp.) midden records from the state of 
Nevada reveal that woodland vegetation persisted to the end 
of the early Holocene at elevations as low as 1,250 m in 
the Mojave Desert (Betancourt et. al 1990). As annual 
temperatures rose, Pinus and Junioerus trees migrated to 
higher elevations on desert mountain slopes and were 
replaced by desert shrubs. Coleogyne first appears in the 
fossil record in three late-Wisconsin Neotoma deposits in
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the Frenchman Flat area of south-central Nevada 
(approximately 10,000 years ago) and should have extended 
then at least 600 m below its present lower elevational 
limit at about 1,300 m (Wells and Berger 1967). The entire 
Coleogyne zone and at least the upper part of the Larrea- 
Ambrosia zone around Frenchman Flat were occupied by 
evergreen Juniperus woodlands during the late Pleistocene 
(Wells and Jorgensen 1964). The arrival of xerophytic 
shrubs and the extinction of woodland in low elevations in 
the Mojave Desert occurred nearly 8,000 years ago. 
Vegetation zones migrated upslope around 1,000 years ago 
and continued through the present time (Betancourt et. al 
1990).
Coleogyne shrubs can be regarded as a paleoendemic 
species, exhibiting little variability, and they are 
perhaps on the way to extinction (Bowns 1973). Coleogyne 
shrubs are considered relictual because they were probably 
once more widespread than they presently are, and their 
current distribution represents a restriction in their 
range with time (Bowns 1973). Nevertheless, Coleogyne 
shrubs appear to be migrating toward higher elevations on 
desert mountain slopes in southern Nevada, and northward 
migration into the Great Basin Desert may be occurring.
The ecology of Coleogyne seedlings at higher elevations of 
the Mojave Desert and in the Great Basin Desert may have 
different dynamics than lower elevation populations in the
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Mojave Desert. A global climatic shift toward lowered 
annual precipitation and more extreme fluctuations of 
temperature and rainfall began in the Tertiary and 
continued through the Quaternary to the present (Bowns 
1973) . The current composition and distribution of plant 
communities in southern Nevada has developed since the last 
pluvial period (20,000 to 10,000 years B.P.; Bradley 1964).
Study Area
Lucky Strike Canyon is located approximately 65 km 
northwest of Las Vegas, Nevada (36°10'N, 115°10'W) between 
Lee and Kyle Canyons on the east side of the Spring 
Mountains. The Coleogyne vegetation zone in Lucky Strike 
Canyon is characterized by hot summers above 40°C and cold 
winters below -10°C. Temperature means and extremes are 
negatively correlated with elevation. Summer rainfall 
usually occurs during thunderstorms in the months of July 
and August and comes from the Gulf of California, drawn 
into the desert by strong convectional currents (Rowlands 
et. al 1977; see Chapter 2 regarding climatic conditions). 
Snow is frequent in high elevations in southern Nevada, 
particularly at the upper Coleogyne ecotones and Pinus- 
Juniperus woodlands. Precipitation is positively 
correlated with elevation. A relative humidity of 20% or 
less is common in summer seasons. High evaporation and low 
precipitation create a typical arid environment with an
average annual rainfall of less than 200 mm.
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METHODS
Edaphic measurements were made in 1993 and 1994 across 
the lower ecotone of Coleogyne in Lucky Strike Canyon on 
the eastern slope of the Spring Mountains. Soil pH, soil 
depth, total Kjeldahl nitrogen (TKN), total Kjeldahl 
phosphorus (TKP), and soil moisture were measured in August
1993. Soil temperatures and soil moisture were measured 
from May to August in 1993, while soil moisture was also 
measured in 1994 with a 6 week interval between each 
sampling. Soil organic matter and water potential of 
Coleogyne shrubs were measured in May, July and August of
1994, and soil compaction was measured in August of 1994. 
Biotic factors measured in 1993 included Coleogyne stem 
growth, biomass production, and nutrient status (N and P) 
of stems and leaves.
Six 100 m2 circular plots (5.65 m radius) were 
established at each of six elevations (1,160 to 1,310 m) at 
30 m intervals for a total of 36 plots across the lower 
Coleogyne ecotone. The lowest of the six elevations 
represented pure Larrea-Ambrosia stands, below the range of 
Coleogyne shrubs. Soil samples at two depths (0-7 and 7-15 
cm) were collected from each of the 36 plots with core 
widths of 12 cm. All soils were passed through a 2 mm 
sieve before analysis. The soil samples were weighed,
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dried for 72 hours at 110 °C, and reweighed to determine 
gravimetric soil moisture. Dry soils were then used for 
soil pH and nutrient analyses. Water potentials were 
measured on 10-20 cm long terminal branches of Coleogyne 
shrubs at predawn and midday in May and August of 1994 
using a portable pressure chamber and nitrogen gas. Soil 
organic matter was determined on soils that were pre-dried 
for 72 hours at 110 °C, followed by combustion at 550 °C 
for 4 hours. Soil temperature readings were taken at the 
soil surface and at 5, 10, and 15 cm below the soil surface 
in open areas and underneath shrub canopies. Air 
temperatures at 1.6 m were recorded concurrently with soil 
temperatures. A penetrometer was inserted into the soil 
after removing stony surface pavements to record soil 
compaction in open areas. Soil depth was estimated by the 
depth to which a steel rod could be pounded into 
undisturbed soils. Soil pH was determined from a slurry 
consisting of equal parts of soil and distilled water.
Total nitrogen and phosphorus were determined on oven- 
dried soils following acid digestion, using a modified 
Kjeldahl method (Page 1982) for rapid flow-through analysis 
of soil extracts. Stems and leaves of Coleogyne were 
weighed and analyzed separately for total nitrogen and 
phosphorus following acid digestion, using the Kjeldahl 
method (Page 1982). In each of the 27 plots that contained 
Coleogyne. twenty terminal twigs from one Coleogyne bush
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(approximately 45-60 cm canopy diameter) were harvested in 
June 1993 for analysis of growth. The growth of Coleogyne 
normally begins in March and ceases in June. Twig 
elongation was measured from March-June 1993. Biomass of 
current year stems and leaves was determined after oven- 
drying for 72 hours at 60 °C.
Statistical Analyses
One-way analysis of variance (ANOVA), followed by a 
Tukey's multiple comparison test (Statistix 1992) was used 
to detect differences among elevations in the lower 
elevational limits of Coleogyne. and to compare site means 
when a significant elevation effect was detected. Pearsons 
correlation analysis was performed to correlate biotic and 
abiotic factors with Coleogyne density. Soil moisture, 
soil organic matter, and soil and plant nutrient 
percentages were arcsine-transformed prior to statistical 
analyses. Multiple analysis of variance (MANOVA) was used 
to detect significant effects of elevation, depth, month, 
time, and year on soil moisture, soil organic matter, soil 
temperature, and water potential of Coleogyne. Mean values 
were expressed with standard errors and significance was 
determined at the 5% level.
RESULTS
The mean density of Coleogyne increased significantly (p
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< 0.0001) as elevation increased across the lower ecotone 
(Fig. 9). Soil moisture (Fig. 10; 0-7 cm soil depth) 
increased with elevation (p < 0.0001) but also varied by 
month (p < 0.0001) and year (p < 0.0001). Significant 
interactions for soil moisture were detected between soil 
depth (0-7 and 7-15 cm) and year (p < 0.05), soil depth and 
month (p < 0.0001) and between soil depth, month, and 
elevation (p < 0.05). Soil moisture percentage was the 
highest in the month of August of both 1993 and 1994 (data 
not shown).
Coleogyne shrubs were significantly more water stressed 
(more negative water potential values; Fig. 11) in August 
of 1994 at lower elevations at both predawn (p < 0.001) and 
midday (p < 0.001). Coleogyne density was positively 
correlated with water potentials at predawn and midday (r = 
0.95, p < 0.001; r = 0.97, p < 0.001, respectively). 
Significant interactions were detected between water 
potential and month (May and August 1994; p < 0.0001). 
Coleogyne shrubs experienced more water stress in May than 
in August. All possible interactions (month, elevation, 
and time) were also significant (p < 0.05).
Coleogyne density was positively correlated with soil 
organic matter (Fig. 12) at 0-7 cm depth (r = 0.93, p < 
0.001). Soil organic matter was significantly different as 
elevation increased (p < 0.0001) and was positively 
correlated with Coleogyne density. A similar pattern was
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Figure 9 Density of Coleogyne along its lower ecotone (n 
27), (mean ± S.E.). Narrow vertical bars designate 
standard errors of the means. Columns labeled with 
different letters are significantly different at p < 
0.05.
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Figure 10 Soil moisture percentages at depths of 0-7 cm 
along the Coleogyne ecotone in August 1993 (n= 6 per 
elevation), (mean ± S.E.)* Narrow vertical bars designate 
standard errors of the means. Columns labeled with 
different letters are significantly different at p < 0.05.
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Figure 11 Predawn and midday water potentials of Coleogyne 
shrubs across the lower ecotone in August 1994 (n= 15 in 
each treatment), (mean ± S.E.). Narrow vertical bars 
designate standard errors of the means. Columns labeled 
with different letters are significantly different at p < 
0.05.
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Figure 12 Soil organic matter content at depths of 0-7 
in August 1994 (n= 6 per elevation), (mean ± S.E.). 
Narrow vertical bars designate standard errors of the 
means. Columns labeled with different letters are 
significantly different at p < 0.05.
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seen at depths of 8-15 cm (data not shown). There was also 
a significant interaction (p < 0.05) between elevation and 
soil depth.
Soil temperatures (Fig. 13A and 13B) differed 
significantly across the lower ecotone by month, depth, and 
between open and canopy sites (p < 0.0001). All possible 
interactions (open space-shrub canopy, soil depth, month, 
and elevation) were also significant (p < 0.01). 
Temperatures were usually cooler at higher elevations and 
under shrub canopies.
Coleogyne density was negatively correlated with air 
temperatures (r = -0.95, p < 0.001) across the lower 
boundary in Lucky Strike Canyon. Air temperature were also 
significantly different (p < 0.0001) among the three summer 
months (data not shown).
Coleogyne density was negatively correlated (r = -0.89; 
p < 0.001) with soil compaction. Greatest soil compaction 
occurred at Larrea-Ambrosia stands at lower elevations and 
was least compact in nearly monospecific Coleogyne stands 
at the higher elevations (Fig. 14; p < 0.0001).
Total soil Kjeldahl nitrogen (TKN) at two depths did not 
exhibit a consistent pattern with elevation (p > 0.05) and 
Coleogyne density was weakly positively correlated with 
total soil nitrogen at 0-7 cm (Table 5; r = 0.37, p < 0.05) 
and at 8-15 cm (r = 0.39, p < 0.05). The upper 7 cm 
generally had higher TKN than the 7-15 cm deep soils.
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Figure 13A Soil temperatures at the soil surface and at 
depths of 15 cm in open spaces during midday in August 
1993 (n= 36 in each treatment), (mean ± S.E.). Narrow 
vertical bars designate standard errors of the means. 
Columns labeled with different letters are 
significantly different at p < 0.05.
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Figure 13B Soil temperatures at the soil surface and at 
depths of 15 cm under shrub canopies during midday in 
August 1993 (n= 36 in each treatment), (mean ± S.E.). 
Narrow vertical bars designate standard errors of the 
means. Columns labeled with different letters are 
significantly different at p < 0.05.
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Figure 14 Soil compaction along the lower Coleogyne 
ecotone in 1994 (n= 15 per elevation), (mean ± S.E). 
Narrow vertical bars designate standard errors of the 
means. Columns labeled with different letters are 
significantly different at p < 0.05.
59
Table 5. Correlations of Coleogyne ramosissima density 
with various abiotic factors at either one or two soil 
depths. Edaphic factors other than soil compaction were 
measured during 1993. Significance levels: *: p < 0.05,
**: p < 0.01, *** p < 0.001, NS: non-significant.
r
Factor (0-15cm) (0-7cm) (7-15cm)
Soil compaction 
Soil depth 
Soil TKP
-0.89***
-0.48*
0. 26ns 0.68***
Soil TKN 0.37* 0.39*
Soil pH -0.50** —0. 28ns
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Total soil phosphorus (TKP) in the upper 7 cm of the soil 
did not vary with elevation (p > 0.05), and Coleogyne 
density was not significantly correlated with total soil 
phosphorus (Table 5; r = 0.28, p > 0.05). The highest TKP 
values occurred at an elevation of 1,280 m, which was just 
below the nearly pure Coleogyne stands; the lowest TKP 
values occurred in the pure Larrea-Ambrosia stands (1,160 
m) .
Total nitrogen content in Coleogyne stems declined 
significantly (Fig. 15A; p < 0.05) as elevation increased, 
and Coleogyne density was negatively correlated with total 
Coleogyne stem nitrogen (r = -0.86; p < 0.001). Coleogyne 
leaf nitrogen content was consistently higher than stem 
nitrogen, and did not differ significantly along the lower 
elevational limit of Coleogyne (Fig. 15B; p > 0.05).
Total phosphorus content in Coleogyne stems did not 
increase significantly (Fig. 15C; p > 0.05) with elevation 
along the lower ecotone, but total Coleogyne leaf 
phosphorus content did increase significantly (Fig. 15D; p 
< 0.05) with elevation.
Mean soil depth did not differ significantly with 
increasing elevation (p > 0.05) but was weakly negatively 
correlated with the abundance of Coleogyne (Table 5; r = 
-0.48; p < 0.05), although it declined slightly with 
elevation. The deepest soil depth was found at an 
elevation of 1,190 m, the lowest elevation at which
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Figure 15A Percent total Kjeldahl nitrogen in Coleogyne 
steins along the lower ecotone in 1993 (mean ± S.E.; n = 
27 per treatment). Narrow vertical bars designate 
standard errors of the means. Columns labeled with 
different letters are significantly different at p < 0.05,
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Figure 15B Percent total Kjeldahl nitrogen in Coleocrvne 
leaves along the lower ecotone in 1993 (mean ± S.E.; n 
= 2 7  per treatment). Narrow vertical bars designate 
standard errors of the means. Columns labeled with 
different letters are significantly different at p < 0.05.
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Figure 15C Percent total Kjeldahl phosphorus in Coleogyne 
stems along the lower ecotone in 1993 (mean ± S.E.? n 
= 27 per treatment). Narrow vertical bars designate 
standard errors of the means. Columns labeled with 
different letters are significantly different at p < 0.05.
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Figure 15D Percent total Kjeldahl phosphorus in Coleoavne 
leaves along the lower ecotone in 1993 (mean ± S.E.; n 
= 27 per treatment). Narrow vertical bars designate 
standard errors of the means. Columns labeled with 
different letters are significantly different at p < 0.05.
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Coleoqvne occurred.
Coleoqvne density showed a weak negative correlation 
with soil pH at depths of 0-7 cm (Table 5; r = -0.50, p < 
0.01) and did not vary with elevation (p > 0.05). The 
soils near the center of the ecotone (1220 m) tended to 
have higher pH values than soils at other elevations.
Mean stem elongation of Coleoqvne (mean ± S.E.) from 
March-June did not display a significant pattern along the 
lower ecotone of Coleoqvne (Table 6; p > 0.05). The lowest 
mean stem elongation took place near the center of the 
ecotone, whereas the highest rate occurred in the pure 
Larrea-Ambrosia stands. Coleoqvne density was not 
significantly correlated with stem elongation.
Mean stem biomass of Coleoqvne tended (nonsignificantly; 
p > 0.05) to decrease with elevation (Fig. 16A). Coleoqvne 
density showed negative correlation with Coleoqvne stem 
biomass (r = -0.96, p < 0.001). Mean leaf biomass of 
Coleoqvne (Fig. 16B) showed no statistical significance 
across the elevational boundary, but Coleoqvne density 
showed a weak positive correlation with Coleoqvne leaf 
biomass (r = 0.71, p< 0.001). Unlike the stem biomass, 
leaf biomass tended to increase as elevation increased.
Table 6. Correlations of Coleoqvne ramosissima density 
with various biotic factors of Coleoqvne. All factors were 
measured during 1993. Significance levels: *: p < 0.05,
**: p < 0.01, ***: p < 0.001, NS: non-significant.
Factor r
Total Kjeldahl nitrogen in stem _ _ _*** -0.86
Total Kjeldahl nitrogen in leaf _ _ -_*** -0. 87
Total Kjeldahl phosphorus in stem _ _ .*** 0. 99
Total Kjeldahl phosphorus in leaf _ _ _ *** 0.80
Stem biomass -0.96
Leaf biomass _ _ _ *** 0. 71
Stem elongation _ _ _ -0. 72
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Figure 16A stem biomass per branch of Coleoqvne along the 
lower ecotone in 1993 (mean ± S.E.; n = 27 per treatment). 
Narrow vertical bars designate standard errors of the 
means. Columns labeled with different letters are 
significantly different at p < 0.05.
1150 1200 1250 1300 1350
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Figure 16B leaf biomass per branch of Coleoayne along the 
lower ecotone in 1993 (mean ± S.E.; n = 27 per treatment). 
Narrow vertical bars designate standard errors of the 
means. Columns labeled with different letters are 
significantly different at p < 0.05.
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DISCUSSION
Biotic and abiotic factors appeared to limit the 
distribution of Coleoqvne at its lower elevational 
boundary. Previous studies have shown that low soil 
moisture influences the distribution of Coleoqvne at its 
lower ecotone in Utah (Bowns 1973). The appearance and 
persistence of Coleoqvne at its lower elevational limit in 
Searchlight in southern Nevada was probably related to an 
increase in precipitation (Hunter and McAuliffe 1994). The 
major control of soil moisture is precipitation. The 
results of this study revealed which factors may be most 
important in determining the distribution and density of 
Coleoqvne in southern Nevada.
Rickard and Murdock (1963) stated that the soils of 
Coleoqvne communities in Utah had more available moisture 
than soil in the Larrea-Ambrosia vegetation type, and that 
soil moisture was greater in subsurface soils (10-30 cm) 
than in surface soils (0-10 cm). The lower limits of 
Coleoqvne distribution may be a result of low soil moisture 
(Bowns and West 1976). This study illustrated that soil 
moisture was positively correlated with Coleoqvne density. 
Coleoqvne growth ceased in mid-June in Lucky Strike Canyon, 
presumably due to the lack of soil moisture. Soil moisture 
is maximum prior to the growth of Coleoqvne. which is in 
mid-March. Exhaustion of soil moisture coincided with the 
cessation of growth of Coleogyne in mid-June (West 198 3).
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In fact, Coleoqvne underwent summer dormancy with no net 
growth around mid-June 1994 in Lucky Strike Canyon. No 
water potential readings of Coleoqvne shrubs were recorded 
in the month of July. However, this dormancy can be broken 
and resumption of growth can occur if summer rainfall is 
adequate to reach the rooting zone (Bowns 1973). In this 
study, soil moisture increased in August of 1993 and 1994 
because of occasional thunderstorms. The resumption of 
growth of Coleoqvne in Lucky Strike Canyon appears to 
depend on soil moisture recharge after summer storms.
Bowns and West (1976) concluded that summer dormancy of 
Coleoqvne is a result of soil moisture depletion rather 
than high air temperatures, and no chilling treatment is 
required to break dormancy. Summer dormancy is an apparent 
adaptation to aridity (Bowns 1973).
Soil organic matter increased with increasing elevation 
across the lower Coleoqvne boundary in Lucky Strike Canyon 
in southern Nevada. Deposition of older and outermost 
Coleoqvne leaves at the onset of summer dormancy and the 
degradation of numerous annuals can add a considerable 
amount of organic matter to the soil in Coleoqvne 
communities (Bowns 1973). Bowns also proposed that 
shedding of leaves is an adaptive feature for conserving 
water, which is the factor limiting the growth and 
development of Coleoqvne. West (1983) stated that 
composition and productivity of annuals vary from year to
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year because they rely heavily on the amount of 
precipitation. Bromus rubens (red brome grass) is a 
dominant winter annual species of many Larrea-Coleoavne 
ecotones, which occur between 1,220 and 1310 m in elevation 
(Beatley 1966). Bromus tends to form carpet-like 
vegetation among shrubs in the spring seasons during wet 
years. Bromus grass was not abundant in pure Larrea- 
Ambrosia stands in Lucky Strike Canyon. The presence of 
cryptogamic crusts can also increase organic matter in 
soils (Loope and Gifford 1972). Coleoqvne zones exhibited 
higher organic content relative to Larrea-Ambrosia zones 
due to the presence of abundant Bromus and of cryptogamic 
crusts.
Soil temperatures were negatively correlated with 
Coleoqvne density in Lucky Strike Canyon. Soil moisture 
was at a minimum when soil temperature reached a maximum in 
early summer. This phenomenon was more prominent in pure 
Larrea-Ambrosia stands where Coleoqvne shrubs generally 
could not tolerate a combination of relatively high soil 
temperatures with low soil moisture. Soil temperatures in 
open areas displayed a greater fluctuation and were 
consistently and significantly warmer than soil 
temperatures under shrub canopies. Shreve (1924) suggested 
that insolation is of more importance than air temperature 
in determining the temperature of the soil. Little 
variation was observed between the temperatures at 15 cm
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depth along the ecotone beneath canopies and in open 
spaces. Much of the fluctuation in soil temperature, which 
occurs during the late spring and summer months, can be 
accounted for by changes in soil moisture content (Bowns 
1973). The soil temperatures in Coleoqvne communities 
start to increase in February and March with the peak 
temperatures in June or July, but decline in August due to 
wet soils (Bowns and West 1976). My data revealed that 
soil temperatures in August did not decline despite the 
moderately wet soils in the monsoon season. Soil moisture 
and temperature at the Nevada Test Site in Mercury, Nevada, 
did not always correspond to the lower temperature and 
increased precipitation associated as elevation increases, 
but were influenced by physiography and soil properties 
(Rickard and Murdock 1963).
Air temperatures in winter generally decrease with 
increasing elevation and may influence the distribution of 
Larrea-Ambrosia at their upper elevational boundary.
Beatley (1974) stated that the average extreme minimum air 
temperatures on all Larrea-Ambrosia sites are above -17°C. 
The air temperatures in southwestern Utah are characterized 
by cold winters below -20°C (Bowns and West 1976) .
Variation in air temperatures along the lower boundary of 
Coleoqvne in this study was 1 °C because the plots only 
covered 150 m in elevation. Nevertheless, air 
temperatures, despite a slight variation, were negatively
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correlated with Coleoqvne density. Excessive rainfall in 
winter seasons may also limit the distribution of Larrea- 
Ambrosia at their upper ecotone because Larrea shrubs were 
unable to tolerate high moisture content in soil. Mean 
annual rainfall in these communities range from 118 to 183 
mm (Beatley 1974). In many communities, Larrea shrubs are 
tallest and largest at their upper elevational boundary. 
This phenomenon may be partially due to abundant rainfall 
with an average annual rainfall of 160 mm (Beatley 1974), 
as well as lower air temperature that reduces evaporation 
from the soil surface in summer seasons. However, the 
average annual rainfall in Coleoqvne communities is 
approximately 200 mm (Brown and West 1976), which could 
contribute to a greater soil moisture content relative to 
pure Larrea-Ambrosia communities.
Variations of soil compaction may play a vital role in 
limiting the distribution of Coleoqvne communities at its 
lower elevational boundary. Soil compaction was generally 
negatively correlated with Coleoqvne density at Lucky 
Strike Canyon. Soils at higher elevations tend to have 
lower compaction, and are beneficial to better infiltration 
and are more permeable to air and water required by plant 
roots (Bowns 1973). The soils in my study were less 
compact at higher elevations and this may help explain the 
Coleoqvne distribution at Lucky Strike Canyon.
Components of the cryptogamic crusts, formed by algae
74
and other microflora, appear to be nitrogen fixers in 
Coleoqvne communities (Loope and Gifford 1972) and may 
elevate the fertility of associated soils (Callison and 
Brotherson 1985). Total soil nitrogen did not exhibit a 
definite pattern across the lower Coleoqvne limits and was 
weakly positively correlated with Coleoqvne density in 
Lucky Strike Canyon. Total phosphorus remained fairly 
constant along the lower ecotone. Moreover, my data 
illustrated that Coleoqvne leaves have a higher content of 
nitrogen and phosphorus relative to stems, which agrees 
with Bowns (1973). Leaves of Coleoqvne consistently had 
more nutrients than did stems. Coleoqvne stems and leaves 
were relatively low in phosphorus at Lucky Strike Canyon, 
but phosphorus content was highest during the growing 
period (Provenza 1978). Phosphorus content in Coleoqvne 
appeared to decrease as the growth period continued through 
June.
Soil pH did not differ significantly between pure 
Larrea-Ambrosia stands and the lower Coleoqvne ecotone.
Soil pH at depths of upper 7 cm showed a weak negative 
correlation, but showed no significant correlation at 
depths of 8-15 cm with Coleoqvne density. The soil pH in 
Coleoqvne communities in Utah ranged from 7.8 to 8.5 with 
no definite trends within the profile and sites (Korthuis 
1988) . Soil pH of lower Coleoqvne limits in Lucky Strike 
Canyon ranged from only 7.8 to 8.0. Such high pH values
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are related to elevated levels of calcium and sodium in 
soils (Callison and Brotherson 1988). Hence, soil pH did 
not play a vital role in limiting the Coleoqvne 
distribution at Lucky Strike Canyon.
Soil depth was weakly negatively correlated with 
Coleoqvne density across the lower boundary at Lucky Strike 
Canyon. Soil depth declined slightly from the first 
appearance of Coleoqvne to the nearly pure Coleoqyne 
stands. However, Callison and Brotherson (1985) suggest 
that shallowness of soils is an important feature of 
Coleoqvne communities and may partially determine the 
abundance and distribution of Coleoqvne. Coleoqyne is 
better able to extract water from shallow and sandy soils 
than from deep soils (Korthuis 1988). Soil depth was a 
significant factor associated with Coleoqvne density only 
when looking at the entire mountain range in southern 
Nevada.
Stem elongation of Coleoqvne did not vary significantly 
during the growing season throughout the lower elevational 
boundary at Lucky Strike Canyon. Nevertheless, relatively 
high air and soil temperatures may determine the rate of 
stem elongation in Coleoqvne; for instance, periods of warm 
weather result in abundant growth, while cool periods 
retard the growth rate (Bowns 1973).
Cold stratification at 4 °C for several days was 
required before Coleoqvne seeds would germinate under
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laboratory conditions (Bowns and West 1976). Bowns and 
West also proposed that light is not essential for 
germination. This would be advantageous because numerous 
seeds germinate from rodent caches placed relatively deeply 
in the soil. The scarcity of Coleoqvne seedlings at its 
lower elevational boundary of Lucky Strike Canyon suggests 
infrequent reproduction. Seeds are produced only during 
wet years (Bowns 1973), and the survival of seedlings is 
very low. Young seedlings usually die as a result of 
inadequate soil moisture; older seedlings are eradicated by 
rodents and rabbits (Bowns and West 1976).
Coleoqvne density and distribution appeared to be 
influenced by edaphic factors, particularly soil moisture 
and soil organic matter. Coleoqvne also exhibited 
variations in stem elongation, as well as nutrient content 
and biomass production of stem and leaves throughout its 
lower elevational boundary. Lucky Strike Canyon was 
representative of the vegetation and landscape conditions 
prevailing in southern Nevada. Examining biotic and 
abiotic factors along the lower ecotone would determine 
their relative importance in structuring the Coleoqvne 
vegetation and in determining the current distribution of 
Coleoqvne. Experiments and establishment of long-term plots 
at various sites are necessary to further understand the 
relationships among the distribution of Coleoqvne and 
associated biotic and abiotic factors in southern Nevada.
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Moreover, although Coleocrvne shrubs appear to be relictual 
at lower desert mountain slopes in southern Nevada, 
regeneration of this shrub is greater at higher elevations, 
and relatively slow northward migration into southern parts 
of the Great Basin Desert may be occurring. A long-term 
investigation on elevational shifts of Coleoqvne are needed 
to provide insights of the role of past climate change in 
determining the current and future distributions of 
Coleoqvne.
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CONCLUSIONS
A elevational gradient analysis of Coleoqvne ramosissima 
(blackbrush) shrubland was conducted in the Spring and Sheep 
Mountain Ranges in southern Nevada. Coleoqvne vegetation was 
found at mid-elevations from approximately 1,050 to 
2,150 m on well-drained colluvial slopes. Coleoqvne shares 
relatively broad upper and lower ecotones with Pinus- 
Juniperus (pinyon-juniper) and Larrea-Ambrosia (creosote 
bush-bursage) vegetation, respectively. Coleoqvne 
vegetation in southern Nevada is nearly monospecific with 
other shrub species comprising < 28% of the total number of 
species. Five vegetation zones were identified based on 
the dominant plant species. The lower Coleoqvne 
elevational boundary exhibited the greatest species 
richness when 15 transects were combined on two mountain 
ranges.
TWINSPAN (two-way indicator species analysis) identified 
four main species groups and five stand groups from the 
Spring and Sheep Mountain Ranges. DECORANA (detrended 
correspondence analysis) revealed that elevation, soil 
depth, and percent vegetation cover were the most 
significant factors associated with the distribution of 
species and stand groups on the two mountain ranges. Five 
vegetation zones were determined based on their dominant 
species. Although some species were fairly common in other 
vegetation zones, they were most abundant in a particular
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vegetation zone. Ambrosia dumosa. Coleoqvne ramosissima. 
Gutierrezia sarothrae. and Pinus monophvlla were strong 
indicators of the first, second, third, and fourth species 
groups, respectively, distributed along a gradient of 
increasing elevation on the two mountain ranges. Soil 
depth and percent vegetation cover showed a significant but 
weak correlation with the stand ordination scores, and 
appeared to have some influence on the final groupings of 
species. However, elevation was the only significant 
factor at the lower elevational boundary of Coleoqvne in 
Lucky Strike Canyon. Air and soil temperatures, 
precipitation, and soil moisture were correlated with 
increase in elevation. Larrea tridentata. Ambrosia dumosa. 
Yucca brevifolia. and Coleoqvne ramosissima were strong 
indicators of the first, second, third, and fourth species 
groups, respectively, distributed along the lower Coleoqyne 
elevational boundary in Lucky Strike Canyon.
Biotic and abiotic factors were examined to determine to 
what extent these factors were correlated with Coleoqvne 
distribution and density in the lower ecotone of Lucky 
Strike Canyon. Soil moisture, soil organic matter, and 
total stem and leaf phosphorus of Coleoqvne shrubs were 
positively correlated with Coleoqvne density. In contrast, 
soil temperatures, soil compaction, total Coleoqvne stem 
and leaf nitrogen, and stem biomass were negatively 
correlated with Coleoqvne density. Edaphic factors,
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particularly soil moisture and soil organic matter, 
appeared to play a vital role in limiting the Coleoqvne 
distribution at its lower elevational boundary in southern 
Nevada.
Certain biotic and abiotic factors seem to limit 
Coleoqvne density and distribution along the entire 
elevational gradient on the two mountain ranges and along 
the lower Coleoqvne elevational boundary in Lucky Strike 
Canyon. Studying various biotic and abiotic factors along 
elevational gradients contributed to an understanding of 
their relative importance in determining the current 
distribution of Coleoqvne and in structuring the plant 
communities of southern Nevada. The relationships among 
the density of Coleoqvne at its lower ecotones, the 
distributions of plant communities, and various physical 
factors were strictly correlative. Long-term experimental, 
functional, and ecosystem approaches at various sites on 
mountain ranges are necessary to further examine the 
complex interactions among the distribution of plant 
communities and associated biotic and abiotic factors in 
southern Nevada. Extensive studies of these associated 
factors in Coleoqvne shrublands across its entire 
geographical range in the southwestern deserts are 
necessary to discover the ecological requirements of 
Coleoqvne and the specific environment it occupies.
Although Coleoqvne appear to be relictual at lower mountain
slopes in southern Nevada, regeneration of this shrub is 
greater at higher desert mountain slopes, and relatively 
slow northward migration into southern parts of the Great 
Basin Desert may be occurring. A long-term investigation 
on elevational shifts of Coleoqvne would provide insights 
of the role of past climate change in determining the 
current and future distributions of Coleoqvne.
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Appendix 1. Percent cover of woody perennial plant species 
in the Spring and Sheep Mountain Ranges. Each pair of 
numbers consists of a species code and percent cover 
value. Species codes are shown in Appendix 3. This 
extensive transect data was used for multivariate 
statistical analyses (TWINSPAN and DECORANA). 
Abbreviations: SC = Species Code and %C = Percent Cover. 
See Appendix 2 for plot codes.
Plot SC %C SC %C SC %C SC %C SC %C
1 1 0.37 4 4.60 40 14.30 61 0.31 67 0.27
2 4 3.47 39 0.35 40 9.87 47 0.13 67 7.60
3 4 0.23 20 2.26 24 1.34 26 1.08 28 1.24
3 67 2.13
4 2 0.36 4 3.33 20 3.13 24 1.42 26 2.60
4 28 0.41 34 0.17 40 4.82 64 0.26
5 4 4. 02 20 1.46 28 0.56 40 7.24 42 1.02
5 44 0.77 47 0.12 66 0.04
6 20 1.57 24 1.40 26 1.14 28 2.64 30 0.30
6 44 2.46 48 0.12 64 0.11 66 2.31
7 20 0.22 28 0.05 29 0.34 30 0.22 36 1.19
7 42 1.08 44 0.54 50 0.03 67 0.41
8 9 2.17 18 1.60 20 2.02 24 2.03 36 5.19
8 62 0. 03
9 8 35.80 9 1. 03 20 6.19 29 0.53 36 0. 51
9 66 12.80 67 17.60
10 8 32 .70 20 2.27 29 2.27 38 4.29 44 2.54
10 52 3 .16 67 1.21
11 8 8.72 9 0.75 18 6.82 21 1.13 29 3.04
11 31 3.58 36 19.10 62 0.05
12 8 15.20 29 10.40 31 51.60 36 0.51 67 1.47
13 2 1.50 4 2.98 10 2.75 28 0.83 40 5. 39
13 44 0.40 51 0.11 55 0.89 66 3.19
14 2 0.90 4 3.00 24 0.54 26 2.48 28 0.51
14 30 0.34 39 1.39 40 6.95 44 1.00 51 0.40
14 61 1.13 63 0.19 67 2.58
15 20 2.97 28 0.07 30 0.59 39 1.60 40 4.06
15 42 0.80 66 0.95
16 10 1.43 20 9.79 24 0.56 28 2 .44 30 1.09
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Plot SC %C SC %C SC %C SC %C SC %C
16 36 3.14 55 0.81 66 6.58 67 0.48
17 20 12.00 24 0.88 28 0.06 29 1.57 41 0.47
17 45 0.63 49 0.21 61 1.23 64 0.58 65 1.97
17 66 0.16
18 20 17.30 28 0.86 29 2.48 51 0.07 64 0.26
18 65 0.74 66 1.48 67 0.87
19 20 16.70 29 0.45 30 0.99 36 0.21 49 0.28
19 66 4.57 67 0.41
20 20 19.10 28 0.80 29 5.03 36 4.35 66 0.08
20 67 1.02
21 8 29.60 20 18.70 29 0.11 31 0.72 49 0.02
21 65 0.20 66 2.52
22 8 18.20 20 10.40 29 0.12 38 1.41 52 19.20
22 66 0.04
23 8 23.30 29 0.67 38 4. 01 48 0. 03 52 10.70
23 66 0.11
24 8 15. 00 15 3 .35 31 0.10 38 32.30 52 33.00
25 4 3 .24 28 0.38 30 3.82 40 5.35
26 2 1.48 4 2.84 40 8.90 44 1.52 55 0.94
26 63 5.67
27 2 1.05 4 4. 02 20 0.39 23 0.02 24 0.74
27 28 1.57 30 2.55 40 17.10 44 2 .71 51 0.18
27 55 0.18 66 0.45 67 6.72
28 2 3.72 4 3.70 20 3.56 28 7.73 36 1.17
28 40 30.30 44 3.20 51 0.04 55 12.50 67 9. 67
29 1 3.32 4 3.64 20 4.30 24 4.37 28 2.30
29 39 0.18 40 7.18 44 1.44 49 0.03 54 1.91
29 67 6.82
30 20 11.80 24 2.00 28 1.32 34 0.27 36 1.49
30 39 2 .50 44 0.17 49 0.02 55 3.05 60 2. 80
30 61 5.51 65 6.36
31 20 24.10 24 4.79 31 6.42 53 0.52 65 2.83
31 67 5.52
32 20 15.30 36 2.99 49 1.28 53 18.10 65 5. 2232 67 7.60
33 20 11.10 36 2.81 49 0.18 53 11.90 65 2.79
33 67 5.29
34 20 5.24 29 0.47 36 3.03 39 1.21 49 0. 62
34 50 0.51 53 7.00 55 11.70 60 0.41 61 11. 90
34 65 3 . 56 67 6.20
35 7 29.70 11 1. 67 12 1.24 14 13.90 16 20.40
35 25 2.01 29 0.55 31 13.20 33 1.11 52 14.40
35 57 47.20 58 5.85
36 4 2.76 40 12.30 64 1.34 67 2.97
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Plot SC %C SC %C SC %C SC %C SC %C
37 4 5.40 24 0.59 28 2.23 30 4.10 39 0.67
37 40 11.90 67 3.39
38 2 0.21 4 0.40 20 0.70 24 0.54 26 0.56
38 28 1.80 30 0.09 34 0.54 36 0.72 39 0.53
38 40 1.66 41 0.40 43 0.58 53 1.96 54 0.27
38 67 4.69
39 2 1.34 4 3.26 20 4.46 24 0.60 26 0.31
39 28 4.79 39 1.70 40 13.20 44 1.15 67 1.23
40 1 17.30 5 9.29 17 106.0 24 1.97 36 2.59
40 53 4.28 55 3.27 60 4.39 67 1.93
41 2 0.39 4 0.51 18 0.14 20 2.73 24 1.00
41 28 1.00 36 0.62 40 12.50 41 0.43 65 2.82
41 67 1.40
42 20 14.10 24 0.19 28 5.42 30 0.59 31 0.77
42 36 3.98 40 28.30 47 0.03 53 1.80 55 0.55
42 67 6.99
43 10 2.50 20 13.00 24 0.21 36 2.86 54 0.73
43 55 1.62 64 0.33 67 9.89
44 20 3.60 24 0.40 31 9.35 44 0.31 53 25.70
44 55 3 .42 60 3.34 64 1.02
45 20 5.97 21 11.40 24 0.68 28 9.62 30 0.35
45 36 0.25 38 0.78 44 0.68 46 9.98 53 0.61
45 55 0.06 64 2.08 65 1.16 67 2.45
46 20 13.50 36 1.12 44 0.69 46 9.69 48 0.28
46 61 9.12 64 0.07 67 1.89
47 20 6.41 26 0.46 31 2.86 36 1.24 38 11.00
47 39 0.51 55 0.64 61 0.84 67 1.74
48 20 10.80 29 1.88 31 6.72 36 6.52 46 9. 68
48 65 0.87 67 2.06
49 20 9.00 29 2.75 31 12.30 36 6.14 38 3.55
49 64 2. 03 65 2.12 67 1.44
50 20 4.60 29 4.23 31 11.10 36 2.26 38 17.30
50 52 15. 60 59 14.30 60 4.95 65 1.95 67 1.94
51 3 0.12 8 44.60 29 1.90 36 3.33 38 27.30
51 52 16.90
52 4 4.78 36 1.35 40 15.50 61 3.40
53 4 4.61 28 2.76 30 1.06 40 5.85 55 0.74
53 61 4.06 66 0.41 67 2.59
54 4 3.88 20 3.89 24 0.80 39 0.47 40 4.06
54 55 1.22 61 4.21 67 4.82
55 4 3. 39 20 3.70 28 10.10 30 2.45 39 1.00
55 40 23.50 44 2.61 66 1.04 67 3.63
56 2 1.23 5 0.85 17 4.90 22 0.15 23 0.01
56 24 2.41 26 2.76 28 8.36 36 2.95 37 1. 03
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Plot SC %C SC %C SC %C SC %C SC %C
56 39 1.06 40 4.64 44 0.85 49 9. 04 51 0.06
56 60 0.89
57 20 1.28 24 5.44 31 2.14 36 2.77 53 3 .93
57 60 7.20 65 0.05 66 1.17 67 0.95
58 29 3.85 36 4.89 53 13.70 61 2.95
59 20 4.86 24 2.03 28 2.44 31 5.59 36 10.60
59 61 2 . 01 66 3.77
60 8 6.14 20 5.87 29 2.19 30 2.06 36 7.84
60 38 20. 20 44 0.18 64 1.63 65 5.18
61 8 1.40 20 3.68 36 11.90 64 0.51 66 0.51
62 20 3.82 29 2.20 30 0.36 36 12.60 48 0.04
62 66 0. 34
63 20 3.36 24 1.01 29 0.95 36 13.30 64 0.03
63 66 0.47
64 20 3.15 29 4.06 31 6.52 36 13.80 38 1.06
64 49 0.49 66 1.92
65 20 4.46 29 1.90 31 6.08 36 11.10 38 14.80
65 66 2.07
66 8 32.80 29 3.64 31 20.00 36 1.80 38 83.80
66 52 69.10
67 4 10. 60 39 0.42 40 26.30 49 0.04
68 4 6.41 28 5.79 40 23.90 66 5.57 67 1.12
69 4 6.79 20 0.67 24 5.26 26 5.28 28 2.68
69 36 7.25 66 0.72
70 4 3.08 10 0.13 20 6.34 28 4.59 39 1.65
70 40 23.90 61 2.87
71 4 4.41 20 9.14 28 3.41 39 1.81 40 16.90
71 42 1.58 66 0.03 67 2.07
72 20 11.30 36 6.22 39 0.31 40 14.20 44 1.11
72 54 2.35 67 8.89
73 20 16.10 23 0.03 24 2.68 28 1.83 36 2.17
73 40 19.40 44 0.70 65 0.35 67 1.63
74 20 19.90 28 3.80 36 2.21 44 6.01 49 0. 06
74 65 1.51
75 20 16.40 31 6.38 38 16.10 65 1.61
76 20 18.40 29 2.53 31 5.58 36 3.37 38 8.04
76 65 1.12
77 8 14.20 20 15.50 29 4.24 31 8.48 38 16.60
77 52 20.00 65 0.74
78 8 50.10 36 1.41 38 34.40
79 4 6.44 24 1.60 26 1.89 28 5.99 36 0.19
79 39 3.88 40 22.80 44 2.60 54 0.63 55 2.07
79 61 0.12 63 0.99 67 5.15
80 4 4.23 28 6.27 30 0.52 40 23.10 66 0. 03
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Plot SC %C SC %C SC %C SC %C SC %C
80 67 5.66
81 4 1.98 26 0.44 28 4.76 30 0.38 36 1.84
81 39 2.56 40 3.30 44 6.44 54 0.44 55 6.86
81 61 3.34
82 4 3.65 20 7.03 24 2.14 28 2.68 30 1.61
82 36 4.15 40 16.50 44 5.46 55 9.81 66 2.21
83 20 15.50 28 3.22 36 1.34 40 4.75 44 0.81
83 49 2.29 53 3.54 55 3.70 65 5.44
84 10 0.45 20 9.04 30 0.27 36 4.03 40 6.70
84 44 0.26 49 0.42 54 0.48 61 0.56 65 5.06
84 66 8.29 67 6.15
85 20 15.20 24 2.49 29 0.82 36 3.08 38 3.27
85 47 0.24 49 0.28 65 1.14 67 0.56
86 7 4.81 8 9.39 20 9.38 24 1.52 25 0.92
86 26 0.49 29 2.35 31 2.11 36 5.26 39 0.47
86 47 0.13 49 0.66 61 4.35
87 8 34.20 29 5.39 31 3.83 36 3.90 38 24.60
87 52 44.10 65 2.15
88 4 4.76 24 3.55 28 3.68 30 1.25 36 2.18
88 39 2.74 40 29.70
89 2 1.10 4 1.43 10 7.40 24 4.63 28 4.80
89 30 2.47 36 3.18 39 3 .04 40 22 .20
90 2 0.47 4 3.07 10 1.57 20 1.09 28 9.79
90 30 4.28 39 1.56 40 17.20 42 0.98 48 0. 02
91 4 4.59 10 1.01 28 3.56 30 3.99 36 2.11
91 40 66.20 66 1.55 67 0.57
92 10 3 . 64 20 9.26 28 6.22 30 0.32 31 0.62
92 36 9.31 42 2.72 44 3.40 66 1.89 67 3.24
93 8 19.10 10 10.70 20 7.00 31 2.60 36 3.18
93 38 14.30 52 11.30 53 3.73 65 1.57 66 2.34
94 8 14.70 20 24.90 29 3.21 36 2.92 38 29.50
94 65 2.03 66 2.45
95 8 52.80 29 4.03 38 14.40 52 76.40 65 2.51
96 8 89.40 36 2.63 38 55.60 52 55.00
97 4 4.53 10 0.48 24 0.43 28 0.78 34 0.0897 36 2.26 39 0.48 40 4.34 48 0.06 54 0.34
97 67 1.92
98 2 0.35 4 4.90 39 1.32 40 15.90 67 1.8099 4 4.40 26 1.98 28 3.29 36 3 .11 39 1.47
99 40 19.30 66 0. 37 67 1.23
100 4 3.83 10 1.08 24 1.49 26 0.63 28 1.99100 39 1.55 40 32.10 54 1.28 66 0.37 67 3.13
101 2 0.42 4 2.74 10 0.29 20 3 .86 28 3 . 63
101 36 2 .42 39 0.82 40 21.10 44 2.95 54 1.06
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Plot SC %C SC %C SC %C SC %C SC %C
101 66 2.12 67 6.33
102 2 0.42 4 1.89 20 5.98 24 0.37 28 1.24
102 30 0.98 40 21.10 44 1.14 54 0.32 66 4.91
102 67 3.45
103 20 9. 05 28 3.03 36 2.71 40 16.40 44 1.94
103 66 1.66 67 0.52
104 20 10.90 28 0.56 44 0.99 61 1.18 66 2.56
104 67 3.22
105 20 3.28 24 0.16 44 4.17 49 0.08 53 1.44
105 61 12.00 66 3.63 67 1.36
106 20 14.90 28 1.15 36 0.40 44 0.99 49 0.06
106 65 2.38 66 4.31 67 7.16
107 20 15.40 28 0.95 36 2.38 44 2.07 49 0.10
107 65 2.77 66 6.04
108 20 16.90 36 2.31 38 4.68 65 2.63 66 2.41
109 20 14.40 29 1.72 36 4.34 38 12.60 52 1. 67
109 65 5.42 66 2.05
110 8 8.68 20 7.24 29 3.29 31 17.40 36 1.67
110 38 46.60 52 24.40 65 0.96
111 8 16.70 29 2.42 31 17.30 38 93.10 52 45.00
111 65 1.33
112 8 23.80 15 7.43 31 5.21 38 45.40 52 27.40
112 56 6. 01 65 0.96
113 4 5.57 10 20.30 28 3.73 36 2.20 39 0.78
113 40 20.60 51 0.11 66 0.71 67 2. 04
114 4 3.77 10 4.11 28 1.94 39 1.14 40 14.30
114 49 0.26 66 2.17 67 1.74
115 2 0.48 4 2.73 10 7.37 20 0.96 28 5.75
115 39 0.96 40 29.50 49 0.12 66 2.79 67 2.03
116 10 2.32 20 1.50 24 2.70 28 1.72 36 2.58
116 39 0.53 65 0.21 66 5.26
117 2 0.79 9 0.23 10 9.44 20 2.31 24 1.40
117 28 3.88 36 2.66 39 0.93 49 0.22 51 0.11
117 65 0.41 66 0.38
118 20 13.50 28 2.00 30 0.54 36 1.89 64 0. 64
118 65 4 .76 66 14.20
119 9 1.72 20 16.30 28 4.44 30 0.36 31 4.93
119 36 4.51 44 1.38 65 2.22 66 4.02
120 8 0.26 20 15.20 28 1.67 29 1.79 36 3.58
120 65 0.97 66 4.58
121 8 5.05 20 17.00 29 1.25 31 8.97 36 4.03121 38 1.48 52 0.96 65 0.44 66 2.12
122 8 47.90 29 5.80 31 9.36 36 0.46 38 26.50
122 52 36. 00 59 4.06 65 0.09
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Plot SC %C SC %C SC %C SC %C SC %C
123 8 49.10 29 2.30 31 10.70 38 15.30 52 32.80
123 65 0.22
124 2 0.92 4 1.28 10 7.25 23 0.11 28 1.84
124 39 0.53 40 1.28 44 0.45 49 0.04 55 1.19
124 66 3.27 67 3.04
125 2 1.59 4 2.24 10 5.18 39 1.62 40 3.13
125 49 0. 03 55 1.58 64 0.07 66 1.35 67 4.27
126 2 3.27 10 1.20 20 0.52 28 1.36 39 0.65
126 40 4.66 44 0.63 55 1.43 66 0.93 67 3.01
127 2 3.50 10 5.05 20 7.55 28 7.24 39 1.45
127 44 0.96 49 0.04 66 2.45
128 2 4.07 10 6.02 20 0.45 28 5.52 39 0.83
128 44 2.43 48 0. 05 55 4.59 65 0.84 66 1.40
128 67 2.71
129 9 1.67 10 2.37 20 12.50 28 1.16 29 1.99
129 39 0.39 49 0.08 55 1.78 64 0.24 66 4.31
129 67 5.79
130 8 2.35 20 8.87 29 1.44 31 3.02 53 9.36130 66 0.71 67 0.73
131 8 26.90 20 10.00 29 2.63 31 10.70 36 3.22
131 44 1.11 55 0.50 64 0.41 66 2.82 67 0.45
132 8 32.40 20 3.24 29 7.15 31 10.60 36 3.51
132 38 16.90 52 16.90 65 1.02
133 8 22.40 29 3.84 31 10.50 36 5.80 38 19.00
133 52 19.10
134 2 0.64 4 4.47 10 5.97 23 0.32 28 1.02
134 39 1.38 40 6.92 55 0.33 66 1.66 67 1.55
135 4 4.79 24 0.49 40 4.62 48 0.06 49 0.10
135 55 2 .32 63 0.20 66 1.74 67 7.05
136 4 7.05 20 0.88 23 0.52 24 0.30 28 1.77
136 30 2.01 36 1.17 39 1.31 40 3.52 44 1.36
136 48 0.03 66 2.16
137 20 7.43 23 0.12 24 0.57 28 2.53 40 12.30
137 44 1.56 51 0.04 55 2.17 67 5.45
138 20 18.20 28 2.91 39 1.01 40 20.70 44 1.00
138 48 0.07 66 2.08 67 3.96
139 10 2.34 20 19.10 23 0.05 28 4.55 36 1.71
139 39 0.55 42 0.48 66 4.48 67 2.64
140 10 2.65 20 13 .80 28 3.18 36 2.65 41 0.85
140 64 0.21 65 3.43 66 8.69 67 0.45
141 8 31.40 20 4.12 29 7.68 31 1.95 36 3.24
141 38 0.32 65 1.22 66 1.32
142 8 10.90 9 1.50 10 1.48 20 11.00 29 5.89
142 31 5.94 36 5.24 38 3.10 52 0.70 65 4.44
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Plot SC %C SC %C SC %C SC %C SC %C
142 66 2.72
143 8 43.80 29 1.29 31 1.89 36 2.72 38 11.70
143 52 11.10 66 0.26
144 8 33.00 9 3.01 20 4.93 29 4.18 36 5.93
144 38 6.87 52 8.42 66 3 .81
145 8 48.60 9 2.84 29 3.03 36 5.14 38 34.00
145 52 31.80
146 8 33.60 29 2.30 36 2.32 38 43.90 48 0.06146 52 27.70
147 4 5.50 24 1.10 36 2.64 40 13.40 44 0.89
147 49 0.09 54 0.44 55 2.19 64 0.11 67 2.06
148 5 3.99 17 4.54 24 2.34 36 3.84 40 2. 03
148 53 25.50 67 0.50
149 18 0. 38 20 13.00 24 2.60 28 4.66 36 2.96
149 40 21.80 44 2.20 49 0.06 64 0.12 65 1.60
149 66 3.94 67 4.18
150 20 8.68 24 0.89 28 2.08 36 1.90 40 21.70
150 44 0.59 48 0.03 53 9.50 55 0.89 65 1.25
150 66 5.73 67 2.65
151 20 13.80 24 1.58 36 3 .27 44 1.35 65 5.04
151 66 3.50 67 1.59
152 10 0.22 20 18.00 24 1.55 28 2.85 36 3.20
152 55 0.79 64 0.16 65 3 .48 66 4.77
153 10 0. 38 20 14.50 24 0.16 29 2.77 31 1.10
153 65 13.40
154 20 15.90 28 2.87 31 2.52 36 2.01 44 0.59
154 64 0.33 65 2.69 66 5.63
155 20 8.03 29 3.58 31 26.00 36 2.85 38 0.92
155 65 7.35 66 3.93
156 8 11.80 20 7.49 29 3.10 31 27.60 38 0. 67
156 48 0. 06 52 1.31 53 3.12 65 2.76 66 6.15
157 8 27.10 9 0.53 10 0.15 29 4.65 36 2.80
157 38 17.50 52 17.00 66 0.46
158 8 41.00 29 2.01 38 20.10 52 33.10 65 0.92
159 4 6.50 39 2.63 40 26.40 67 0.40
160 4 7.34 28 5.29 36 5.22 39 1.91 40 12.80
160 44 1. 60 49 0.03 55 4.26 67 4.26
161 4 8.68 20 0.58 24 1.60 28 5.23 36 3.24
161 39 1.17 40 7.47 49 0.02 55 0.78
162 4 7.12 20 2.82 24 1.21 39 1.44 40 46.60
162 44 0.50 50 0.85 66 4.30 67 7.97
163 4 4. 02 20 0.66 24 3.42 26 0.38 28 3.36
163 36 3.15 40 0.02 47 0.04 49 0.54 51 0.10
163 55 2.38
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Plot SC %C SC %C SC %C SC %C SC %C
164 2 0.31 20 6.42 24 3.95 28 0.78 36 1.60
164 39 0.78 44 1.02 49 0.15 51 0.10 55 2.68
164 64 0.10
165 2 0.84 20 10.50 24 1.01 36 2.97 44 1.18
165 49 0.10 53 1.41 55 2.84 64 0.13 65 2 .88
165 67 3.45
166 20 15.30 28 0.20 29 3.40 31 2.79 36 4.49
166 38 5.01 44 1.27 48 0.06 49 0.10 61 7.10
167 6 8.60 8 37.10 20 1.06 29 2.86 31 2.50
167 36 2.98 38 20.50 52 18.70
168 8 34.60 13 8.19 20 5.76 29 4.02 31 7.59
168 36 3.43 38 39.00 52 38.80 66 5.30
169 8 37.40 29 5.75 31 8.06 32 0.18 36 1.00
169 38 60. 00 52 48.50 65 0.84
170 2 0.15 4 7.64 23 0.03 26 0.25 28 0.26
170 30 1.86 39 1.99 40 8.10 48 0. 01 49 0.17
170 51 0.42 66 3.56 67 1.65
171 2 1.41 4 6.99 23 0.04 24 2.23 26 0.54
171 28 2.19 30 0.01 39 2.74 40 8.85 49 0.09
171 66 0.19 67 8.49
172 4 9.49 28 0.66 30 2.16 39 2.22 40 17.50
172 44 1.17 66 0.74 67 6.12
173 2 26.30 4 4. 05 20 9.44 23 0.10 24 0.15
173 28 3.28 39 0.30 40 17.50 44 0.37 51 0.28
173 53 0.62 55 3.76 66 6.21 67 3.97
174 2 1.22 20 10.50 23 0.05 24 3.41 28 3.80
174 30 0.24 35 0.03 36 0.04 39 1.59 40 7.04
174 44 0.51 47 0.02 51 0.11 55 0.13 61 0.91
174 66 7.48 67 6.17
175 10 0. 03 20 9.08 23 0.02 24 2.79 28 1.51
175 30 0.41 36 8.48 37 0.38 53 7.53 61 1.42
175 65 0.70 66 3.50
176 20 22.70 24 0.98 28 4.85 29 0.33 31 4.17
176 37 0.99 66 0.47 67 3.89
177 10 2.09 20 20.40 24 1.52 28 1.61 29 2.33
177 36 1.99 44 0.57 49 0.99 65 0.72 66 5.52
178 8 4.23 20 5.25 23 0.99 24 2.32 31 2.37
178 36 1.44 49 0.33 53 0.31 65 5.39 66 5.04
179 20 20.50 29 5.13 36 6.47 38 0.98 48 0.08
179 49 0.92 65 11.30 66 2.08
180 8 2.36 31 6.63 38 73.10 52 108.0
181 8 5.07 29 3.11 31 5.21 38 82.50 52 52.20
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Appendix 2. The distribution of plot numbers and ranges of 
plot elevations in the Spring and Sheep Mountain Ranges. 
Map numbers from Figure 1 and names of the 15 elevational 
transects are shown. Plot numbers refer to Appendix 1.
Plot Numbers Transect Range of plot 
Elevation (m)
Msp #
1 - 1 2 Kyle Canyon 1075 - 1790 1
13 - 24 Lee Canyon 1335 - 2050 2
25 - 35 Red Rock 1 1075 - 1500 3
36 - 51 Charleston
Boulevard
945 - 1920 4
52 - 66 Cottonwood
Valley
1335 - 2240 5
67 - 78 Trout Canyon 980 - 1690 6
79 - 87 Red Rock 2 980 - 1400 7
88 - 96 Lovell Canyon 1290 - 1790 8
97 -112 Wheeler Pass 910 - 1875 9
113-123 Cold Creek 1205 - 1855 10
124-133 Joe May Road 1335 - 1920 11
134-146 Mormon Well 1205 - 1985 12
147-158 Saw Mill 1075 - 1790 13
159-169 Mount Potosi 1010 - 1060 14
170-181 Lucky Strike 
Canyon
1040 1755 15
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Appendix 3. Names and abbreviations of woody perennial 
plant species for all 15 transects in the Spring and Sheep 
Mountain Ranges. See Tables 1, 2 and Figures 7, 8.
Species code Species Abbreviation
1 Acacia crrecjcrii ACGR
2 Acamotooanous shocklevi ACSH
3 Acrave utahensis AGUT
4 Ambrosia dumosa AMDU
5 Ambrosia eriocentra AMER
6 Amelanchier utahensis AMUT
7 Arctostaohvlos ounaens ARPU
8 Artemisia tridentata ARTR
9 Atriolex canescens ATCA
10 Atriolex confertifolia ATCO
11 Baccharis sercriloides BASE
12 Brickellia californica BRCA
13 Ceanothus crrecraii CEGR
14 Celtis reticulata CERE
15 Cercocarous ledifolius CELE
16 Cercis occidentalis CEOC
17 Chiloosis linearis CHLI
18 Chrvsothamnus nauseosus CHNA
19 Chrvsothamnus oaniculata CHPA
Appendix 3. Continued.
Species code Species Abbreviation
20 Coleocrvne ramosissima CORA
21 Cowania mexicana COME
22 Dvssodia cooperi DYCO
23 Echinocactus polvcephalus ECPO
24 Encelia vircrinensis ENVI
25 Eriodictvon ancrustifolium ERAN
26 Erioaonum fasiculatum ERFA
27 Eriocfonum heermannii ERHE
28 Ephedra nevadensis EPNA
29 Ephedra viridis EPVI
30 Eurotia lanata EULA
31 Fallucria paradoxa FAPA
32 Forsellesia nevadensis FONE
33 Garrva flavescens GAFL
34 Gaura coccinea GACO
35 Gravia spinosa GRSP
36 Gutierrezia sarothrae GUSA
37 Hvmenoclea salsola HYSA
38 Juniperus osteosperma JUOS
39 Krameria parvifolia KRPA
40 Larrea tridentata LATR
41 Leoidium fremontii LEFR
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Appendix 3. Continued.
Species code Species Abbreviation
42 Lvcium andersonii LYAN
43 Machaeranthera tortifolia MATO
44 Menodora soinescens MESP
45 Mirabilis froebelii MIFR
46 Mortonia utahensis MOUT
47 Oountia acanthocaroa OPAC
48 Oountia basilaris OPBA
49 Oountia echinocaroa OPEC
50 Oountia Dolvcantha OPPO
51 Oountia ramosissima OPRA
52 Pinus monoohvlla PIMO
53 Prunus fasciculata PRFA
54 Psilostroohe coooeri PS CO
55 Psorothamnus fremontii PSFR
56 Ouercus crambelii QUGA
57 Ouercus trubinella QUTU
58 Rhamnus californica RHCA
59 Rhus trilobata RHTR
60 Salvia dorrii SADO
61 Salazaria mexicana SAME
62 Stanleva oinnata STPI
63 Steohanomeria oauciflora STPA
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Appendix 3. Continued
Species code Species Abbreviation
64 Thamnosma montana THMO
65 Yucca baccata YUBA
66 Yucca brevifolia YUBR
67 Yucca schidiaera YUSC
96
Appendix 4. Percent cover of woody taxa along the lower 
Coleoavne ecotone in Lucky Strike Canyon. Each pair of 
numbers consists of a species code and percent cover 
value. Species codes are shown in Appendix 5. This 
intensive transect data was used for multivariate 
statistical analyses (TWINSPAN and DECORANA). 
Abbreviations: SC = Species Code and %C = Percent Cover. 
Elevations of the plots 1 - 6  were (1,160 m); plots 7-12 
(1,190 m); plots 13-18 (1,220 m); plots 19-24 (1,250 m); 
plots 25-30 (1,280 m); and plots 31-36 (1,310 m).
Plot SC %C SC %C SC %C SC %C SC %C
1 1 0.13 2 8.00 7 0.13 8 2.42 12 2.14
1 13 4.61 15 0.12 16 0.09 19 0.05 20 0.43
1 26 0.36
2 2 4.66 7 0.75 8 1.14 12 1.25 13 9.93
2 14 0.32 15 0.19 20 0.45 22 0.33 25 0.34
2 26 5. 38
3 2 0. 93 4 6.57 5 1.70 7 0.42 8 0.52
3 12 2.05 13 4.16 14 0.25 20 0.42 26 4.82
4 2 6.80 5 4.11 7 1.49 12 1.59 13 2.74
4 15 0.12 19 0.16 20 0.36 23 1.83 25 1.03
5 2 6. 57 5 7.57 7 0.43 12 2.53 13 1.91
5 16 3.23 19 0.09 20 0.36 22 1.37 25 0.64
5 26 6.26
6 1 0.29 2 5.18 6 0.84 12 3.12 13 5. 03
6 14 2.16 22 6.31 23 0.09 25 0.31 26 4.18
7 1 1. 65 2 2.38 3 0.11 6 0.25 7 3.13
7 12 1.69 13 1.18 14 1.76 16 0.94 20 0.09
7 23 1.20 26 3.69
8 1 0.50 2 4.94 3 0.52 7 0.39 8 1.12
8 12 0.40 13 3.22 14 0.76 15 0.12 16 1.11
8 17 0.07 20 0.20 26 2.05
9 1 0.26 2 6.80 7 0.79 8 0.63 10 1.23
9 13 1.81 14 0.57 15 0.55 17 0.03 25 0.59
10 1 0. 71 2 6.66 7 2.68 8 0.14 12 1.01
10 13 4.38 16 0.47 17 0.08 22 0.09 25 0.98
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Appendix 4. Continued
Plot SC %C SC %C SC %C SC %C SC %C
10 26 2. 01
11 1 2.28 2 4.72 3 0.24 5 0.48 7 0.57
11 12 3.31 13 4.40 14 0.14 15 0.20 17 0.03
11 20 0. 04 22 0.43 26 1.60
12 2 0.13 5 7.28 7 2.59 12 1.74 13 1.28
12 14 0.06 17 0.02 22 2.64 23 0.95 25 1.38
12 26 3.15
13 2 3.92 3 2.91 5 0.29 6 0.06 7 1.85
13 10 0.36 12 1.87 13 2.42 14 1.12 16 0.86
13 16 0.86 17 0.01 20 0.22 22 0.86 25 0.59
13 26 1.30
14 2 6. 03 3 5. 31 6 0.55 7 0.31 10 0.17
14 12 0.58 15 0.16 16 0.49 22 1.77 25 0.11
14 26 2.03
15 1 0. 34 2 4.14 3 2.24 5 0.45 6 0.51
15 7 0.23 12 1.05 13 1.65 14 0.07 15 0.19
15 22 2.28 26 6.59
16 1 1.35 2 6.35 3 1.32 10 1.02 12 0.96
16 13 0.61 14 2.31 15 0.07 20 0.02 22 0.04
16 26 4.00
17 1 2.57 2 3.08 3 1.10 6 1.33 7 0.24
17 8 0.83 12 0.83 13 1.16 14 0.19 16 0.55
17 19 0. 03 20 0.03 22 0.80 25 1.29 26 6.47
18 1 1.90 2 1.17 3 3.55 5 1.14 6 1.17
18 7 3 . 05 12 0.66 13 2.46 14 0.11 16 3 .94
18 20 0. 03 22 5.93 23 8.30 25 2.69 26 10.1
19 1 0. 64 2 0.94 3 5.44 7 3.54 8 0.21
19 11 0.24 12 0.42 14 0.55 15 0.24 16 1.87
19 20 0.60 22 0.79 26 2.69
20 1 1.76 2 6.41 3 3.18 7 4.37 10 0.79
20 12 1.51 13 1.94 14 0.33 20 0.16 25 1.87
21 2 0.25 2 6.57 3 6.94 10 0.33 12 0.98
21 14 0.59 22 1.26 25 4.77
22 1 0.45 2 4.97 3 7.00 7 1.08 10 0.55
22 12 0.40 13 0.53 14 0.71 15 0.11 16 0.14
22 25 3 .70 26 0.85
23 1 0.20 2 6.11 3 8.71 5 0.09 7 0.4923 8 0. 08 12 0.31 13 0. 58 14 0.82 15 0.24
23 16 0.55 17 0.02
24 1 0.35 2 2.47 3 6.55 7 0.27 8 0.12
24 10 0.33 12 1.26 13 1.49 14 0.40 26 1.51
25 1 0.59 3 8.98 5 0.41 7 2.47 8 0.14
25 10 0.14 11 0.72 14 0.18 15 0.06 16 0.18
25 17 0. 01 20 0.17 25 1.87 26 3.02
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Appendix 4. Continued
Plot SC %C SC %C SC %C SC %C SC %C
26 1 1.03 3 3.21 7 0.75 10 0.55 12 1.13
26 13 5.71 14 0.34 15 0.16 17 0.08 21 3.39
26 24 1.91 25 0.53 26 2.66
27 1 1.81 2 3.04 3 3.86 5 1.51 7 0.25
27 8 0. 06 12 1.71 13 5.74 20 0.31 21 3.28
27 24 0.45 25 4.56 26 3.18
28 1 0.10 2 0.31 3 8.91 5 0.55 7 2.52
28 9 0.42 13 0.42 14 0.43 16 0.42 23 2.44
28 25 0.21
29 1 0.08 2 1.24 3 12.5 7 1.74 10 0.06
29 12 2 .72 14 1.37 16 0.35 22 0.15 24 0.93
29 26 1. 08
30 1 0. 54 2 6.08 3 6.30 7 0.10 10 1.19
30 13 3.21 14 2 . 69 22 0.10
31 1 0.36 3 10.5 8 0.09 10 1.54 11 0.55
31 13 2 . 08 14 3.11 20 0.02 25 0.04
32 1 2.37 3 9.57 10 3.29 13 3.57 14 0.80
32 15 0.19 18 0.04 25 0.61
33 1 0.39 3 18.0 4 0.04 10 0.26 11 0.68
33 14 0. 33 15 0.29 25 1.62 26 1.23
34 1 1.01 3 7.21 5 0.23 7 0.56 10 0.48
34 11 0.61 12 9.13 14 1.09 15 0.13 22 0.55
35 1 0. 06 3 10.7 7 0.18 10 0.27 11 0.87
35 12 4.00 14 0.23 15 0.20 22 0.30 25 4.04
35 26 1.66
36 1 0.48 3 12.5 7 0.76 10 1.00 11 0.41
36 12 5.20 14 0.07 15 0.08 26 1.94
00
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Appendix 5. Names and abbreviations of woody taxa
from the lower Coleoavne ecotone in Lucky Strike Canyon. 
See Table 2 and Figure 8.
Species code Species Abbreviation
1 Acacia shocklevi ACSH
2 Ambrosia dumosa AMDU
3 Coleoavne ramosissima CORA
4 Echinocactus oolvceohalus ECPO
5 Encelia virainensis ENVI
6 Erioaonum fasciculatum ERFA
7 Eohedra nevadensis EPNE
8 Eurotia lanata EULA
9 Falluaia oaradoxa FAPA
10 Gravia soinosa GRSP
11 Hvmenoclea salsola HYSA
12 Krameria oarvifolia KRPA
13 Larrea tridentata LATR
14 Lvcium andersonii LYAN
15 Macheranthera tortifolia MATO
16 Menodora soinescens MESP
17 Oountia acanthocaroa OPAC
18 Oountia basilaris OPBA
19 Oountia echinocaroa OPEC
20 Oountia ramosissima OPRA
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Appendix 5. Continued
Species code Species Abbreviation
21 Psilostroohe coooeri PS CO
22 Psorothamnus fremontii PSFR
23 Salazaria mexicana SAME
24 Yucca baccata YUBA
25 Yucca brevifolia YUBR
26 Yucca schidicrera YUSC
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Appendix 6. Soil moisture and soil organic matter (% dry- 
mass) at depths of 0-7 and 8-15 cm along the lower 
Coleoavne elevational boundary in Lucky Strike Canyon. 
Soil organic matter percentages were not measured in 
1993. The entire lowest elevation (1160 m) and the final 
3 plots (D, E, and F) of each elevation in 1993 were not 
incorporated into the statistical analyses due to the 
uneven distribution of sample sizes.
Year Month Elev. Plot Soil moisture (%) Soil OM (%)
(m) ____________________  _________________
1190 2A 0.21 0.73 no data
1A 0.30 0.32
IB 0.21 0.30
1C 0.32 0.34
ID 0.26 0.58
IE 0.30 0.45
IF 0.12 0.28
2B 0.50 0. 63
2C 0.45 0.24
2D 0.26 0.41
2E 0.34 0.55
2F 0.41 0. 68
3A 0.28 0.43
3B 0.47 0. 63
3C 0. 53 0.83
3D 0.55 0.53
3E 0.30 0.32
3F 0.12 0.21
4A 0.38 0.42
4B 0.18 0.52
4C 1.31 2. 69
4D 0.81 1.71
4E 0.43 1.26
4F 0.32 0.62
(0-7) (8-15) (0-7) (8-15)
1993 May 1160    no data
1220    no data
1250    no data
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Appendix 6. Continued
Year Month Elev. Plot Soil moisture (%)
W  ______________________(0-7) (8-15)
Soil OM (%) 
(0-7) (8-15)
1280
1310
1993 July 1160
1190
1220
1250
5A 0.20 0.38
5B 0.40 0.45
5C 0.30 0.32
5D 0.34 0.64
5E 0.36 1.22
5F 0.68 0.55
6A 0.63 0.63
6B 0.72 2.09
6C 0.50 1.10
6D 0.40 0.86
6E 0.98 1.75
6F 0.84 1.25
1A 0.81 0.87
IB 0.66 0.81
1C 0.94 1.01
ID 0.61 0.60
IE 0.74 0.66
IF 0.73 0.73
2A 0.80 0.94
2B 0.75 1.19
2C 0.61 1.13
2D 0.91 0.91
2E 0.69 1.00
2F 0.91 1.16
3A 0.77 0.91
3B 1.22 1.36
3C 1.03 1.23
3D 1.15 1.39
3E 0.84 0.88
3F 0.81 0.94
4A 0.93 1.02
4B 0.90 0.88
4C 1.46 1.89
4D 1.39 1.60
4E 1.50 1. 66
4F 1.88 1.40
no data
no data
no data
no data
no data
no data
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Appendix 6. Continued
Year Month Elev. Plot Soil moisture (%) Soil OM (%)
(m) ______________________ ________________(0-7) (8-15) (0-7) (8-15)
1993 Aug.
1280 5A 0.84 1.00
5B 1.16 1.16
5C 0.66 0.96
5D 0.88 1.08
5E 1.61 1.13
5F 1.40 1.43
1310 6A 0.95 1.98
6B 1.26 1.51
6C 1.27 2.32
6D 1.45 2.04
6E 1.38 2.16
6F 1.37 2.06
1160 1A 1.08 1.08
IB 0.91 1.13
1C 0.91 1.12
ID 1.34 1.54
IE 0.78 1.05
IF 0.74 0.74
1190 2A 1.19 1.38
2B 1.00 1.43
2C 0.96 1.19
2D 1.22 1.42
2E 1.00 1.02
2F 0.78 0.98
1220 3A 1.98 1.75
3B 1.27 2.93
3C 1.68 2.70
3D 1.10 1.31
3E 1.38 1.73
3F 1.16 1.29
1250 4A 1.31 1.89
4B 2.00 1.53
4C 2.40 1.71
4D 1.63 2.33
4E 1.68 2.75
4F 1.19 1.61
1280 5A 3.25 2.02
no data
no data
no data
no data
no data
no data
no data
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Year Month Elev. Plot Soil moisture (%) Soil OM (%)
(m) ______________________ ________________
(0-7) (8-15) (0-7) (8-15)
5B 1.23 1.87
5C 1.19 2.67
5D 1.33 2.05
5E 2.17 3.20
5F 1.59 2.93
1310 6A 1.37 2.33 no data
6B 1.85 2.63
6C 1.80 2.42
6D 2.44 1.85
6E 2.38 3.74
6F 2.11 3.52
May 1190 2A 1.35 1.65 2.09 2.84
2B 0.91 1.56 4.75 3.012C 1.55 1.40 1.71 3.501220 3A 1.69 2.02 2.51 4.43
3B 1.85 2.19 5.22 6. 02
3C 1.50 2.30 5.12 4.29
1250 4A 1.40 1.69 3.90 3 . 91
4B 1. 55 1.64 4.79 4 . 29
4C 1.69 2.15 4.90 5.89
1280 5A 1.40 1. 60 4.91 3 .91
5B 2.40 2.02 5.00 5. 61
5C 2.14 1.52 7. 33 4. 98
1310 6A 2.14 2.38 6.59 5. 55
6B 2.07 2.38 6.81 6. 38
6C 2.09 1.50 7.31 6.71
July 1190 2A 0.53 0.55 2.18 3 . 69
2B 0.41 0.55 4.68 3.102C 0.48 0.60 1.73 3.47
1220 3A 0.43 0.77 3.68 4.40
3B 0.52 0. 63 5.26 5.89
3C 0.55 0.78 4.06 4.361250 4A 0.49 0.62 3.90 3 . 88
4B 0.53 0.75 4.70 4.314C 0.57 0.72 4.97 5.741280 5A 0. 63 0.72 4.92 3.46
5B 0.61 0.73 4.98 5.46
5C 0.57 0.77 7.01 4.92
1310 6A 0.75 0.80 6. 64 5. 64
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Year Month Elev. Plot Soil moisture (%) Soil OM (%)
(m)
(0-7) (8-15) (0-7) (8-15)
6B 0.70 0.84 6.70 6.22
6C 0.73 0.87 6.99 6.54
1994 Aug. 1190 2A 0.78 0.84 2.26 3.96
2B 0.69 0.78 4.66 3.23
2C 0.83 0.84 1.89 3.29
1220 3A 0.84 0.91 2.64 2 . 68
3B 0.86 0.94 5.08 4.98
3C 0.92 0.92 5.17 4.31
1250 4A 1.04 1.12 3.76 3.75
4B 1.19 1.12 4.80 4.27
4C 1.12 1.21 4.93 5.22
1280 5A 1.29 1.40 5.10 3 .96
5B 1.13 1.54 4.93 5.23
5C 1.33 1.59 6.29 5.10
1310 6A 1.48 1.79 6.65 5.58
6B 1.56 1.68 6.66 6.18
6C 1.44 1.81 7.05 6. 54
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Appendix 7. Coleoavne water potential (MPa) and soil 
compaction (kg/cm2) along its lower elevational 
boundary in Lucky Strike Canyon in 1994. Soil compaction
was not measured in May 1994.
Month Elev. Plot 
(m)
Predawn Midday 
(MPa) (MPa)
Soil compaction 
(kg/cm2)
May 1190 2A -3.52 -5.65 no data
2B -3.60 -5.80
2C -3.45 -5.65
1220 3A -3.35 -5.40
3B -3 .45 -5.60
3C -3.45 -5.65
1250 4A -3.30 -5.10
4B -3.20 -4.95
4C -3.15 -4.85
1280 5A -3.20 -4.55
5B -3.30 -4.35
5C -3.15 -4.50
1310 6A -2.90 -4.25
6B -3.05 -4.40
6C -3.05 -4.40
Aug. 1160 1A no data no data 8.0
IB 7.5
1C 7.2
1190 2A -4.10 -6.65 6.5
2B -4.15 -6.50 6.3
2C -3.95 -6.40 6.7
1220 3A -3.90 -6.35 7.0
3B -4.05 -6.25 6.0
3C -3.95 -6.40 7.71250 4A -3 .75 -6. 05 5.4
4B -3.65 -6.00 6.5
4C -3.90 -5.95 5.6
1280 5A -3.75 -5.80 5.5
5B -3.50 -5.40 5.0
5C -3 .60 -5.60 7.2
1310 6A -3.30 -4.95 4.2
6B -3.45 -5. 00 5.0
6C -3.35 -4.80 5.6
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Appendix 8. Soil temperature (°C) at the soil surface
(0 cm), and at depths of 5, 10, and 15 cm in open spaces 
and under shrub canopies along the lower Coleoavne 
elevational boundary in Lucky Strike Canyon in 1993.
Soil temperature (°C)
Open Canopy
Month Elev. Plot Soil depth (cm) Soil depth
(m) ______________________ ____________________0 5 10 15 0 5 10 15
May 1160
1190
1220
1A 42 40
43 42
IB 44 43
45 43
1C 44 42
44 43
ID 46 43
47 46
IE 44 42
43 42
IF 44 42
46 45
2A 45 44
47 45
2B 42 41
44 42
2C 43 44
45 44
2D 44 43
47 46
2E 46 44
47 45
2F 46 45
48 45
3A 41 39
43 40
3B 42 41
43 40
38 35 30
39 36 31
38 36 28
38 33 30
39 35 31
38 33 30
38 34 31
40 35 32
37 33 29
37 33 28
37 33 32
39 36 31
39 36 30
40 36 31
37 34 31
37 33 30
39 35 31
39 34 32
39 34 33
39 35 32
39 34 30
39 34 31
39 35 32
38 34 32
37 34 32
37 33 31
38 35 31
37 34 29
28 28 27
29 29 28
26 25 26
28 27 27
29 29 28
29 28 28
28 29 28
31 31 29
28 27 27
27 27 26
30 29 29
29 28 28
29 29 28
29 29 28
28 29 28
29 29 28
30 29 29
31 30 29
32 32 31
32 30 29
28 27 27
31 31 29
30 29 28
32 31 31
31 31 29
31 31 30
30 28 28
29 28 28
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Appendix 8.
Month Elev. 
(m)
1250
1280
1310
Continued
Soil temperature (°C)
Open Canopy
Plot Soil depth (cm) Soil depth
0 5 10 15 0 5 10 15
3C 43 40 36 33 28 28 28 27
45 42 37 33 29 29 28 27
3D 42 39 37 36 30 27 28 28
44 41 37 34 31 29 29 29
3E 42 39 36 32 32 31 30 28
43 39 36 33 31 31 29 29
3F 42 39 36 32 31 32 31 29
4A 44 40 36 34 32 29 29 28
45 42 38 35 31 32 31 31
4B 47 46 39 35 32 33 32 30
47 46 39 34 32 33 32 31
4C 43 41 40 37 33 29 29 30
44 42 37 33 32 31 31 31
4D 43 39 37 34 29 29 28 27
43 41 36 32 29 28 28 27
4E 43 42 39 36 32 33 32 31
45 42 37 34 31 31 30 29
4F 48 47 39 36 33 33 32 30
47 45 37 34 32 32 31 31
5A 41 39 36 34 26 25 24 24
42 39 36 32 27 26 26 26
5B 43 40 37 35 28 26 26 25
44 41 36 33 27 27 26 25
5C 42 41 37 34 30 29 29 28
44 41 36 33 29 29 29 28
5D 45 42 36 33 28 27 27 26
46 43 37 33 29 28 27 27
5E 42 43 37 32 30 28 28 27
43 42 37 34 29 29 29 28
5F 44 41 36 32 29 29 27 26
45 43 38 34 30 29 29 28
6A 43 41 37 35 31 28 27 26
43 41 36 34 30 30 29 29
6B 43 43 37 32 29 27 27 26
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Appendix 8.
Month Elev.
(in)
July 1160
1190
1220
Continued
Soil temperature (°C)
Open Canopy
Plot Soil depth (cm) Soil depth
0 5 10 15 0 5 10 15
43 42 38 34 30 29 29 29
6C 42 42 36 32 30 26 26 24
42 41 37 33 31 28 28 28
6D 43 44 40 36 31 30 29 28
44 43 38 33 29 29 28 28
6E 47 45 38 32 31 30 29 28
48 47 39 34 30 31 29 29
6F 48 46 38 33 32 33 32 31
47 45 37 32 31 32 30 30
1A 44 42 39 35 32 27 27 28
42 42 37 35 31 28 29 28
IB 43 42 38 34 33 29 26 26
44 41 37 36 32 28 29 27
1C 42 43 39 33 30 28 28 26
44 44 38 35 31 28 28 28
ID 45 44 40 34 30 30 27 28
43 43 39 34 32 28 26 26
IE 43 43 40 35 30 27 29 28
44 45 38 33 30 29 28 29
IF 45 44 37 33 29 28 29 29
43 43 39 33 31 27 28 28
2A 46 45 40 28 31 29 28 27
44 44 38 36 32 28 28 28
2B 45 43 39 34 30 29 29 28
45 44 39 33 29 29 27 26
2C 43 42 38 34 32 30 28 29
45 43 37 33 33 28 29 27
2D 44 43 37 36 31 30 30 29
44 44 38 34 30 29 28 28
2E 45 43 37 33 30 28 30 29
43 42 39 33 31 29 29 28
2F 46 41 38 35 30 30 29 28
45 42 38 33 30 30 28 28
3A 44 43 37 33 31 29 30 30
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Appendix 8.
Month Elev.(m)
1250
1280
Continued
Soil temperature (°C)
Open Canopy
Plot Soil depth (cm) Soil depth
0 5 10 15 0 5 10 15
42 41 36 32 31 30 28 29
3B 43 44 38 35 30 31 29 29
41 42 37 33 31 31 27 28
3C 44 44 38 33 32 30 27 27
45 43 37 34 31 29 28 29
3D 44 42 36 35 32 28 28 29
43 41 37 35 32 30 27 28
3E 42 42 38 32 30 29 30 30
43 42 36 34 32 28 29 28
3F 41 40 38 33 29 31 29 30
43 42 37 32 30 29 28 28
4A 45 43 37 35 33 29 29 30
43 42 36 34 31 31 30 28
4B 42 44 36 34 32 30 28 29
43 43 38 35 31 31 28 29
4C 44 42 38 36 32 29 29 28
44 42 37 35 33 31 28 29
4D 46 43 36 35 32 28 29 28
45 42 37 35 32 30 29 28
4E 46 42 37 36 33 33 29 29
44 41 38 35 31 30 28 27
4F 44 44 37 34 32 32 28 29
45 42 39 35 32 30 30 31
5A 42 40 35 33 29 27 27 25
40 41 37 32 28 26 28 26
5B 40 39 36 33 30 25 26 25
42 41 37 34 28 27 28 27
5C 43 40 35 33 31 29 27 28
41 40 37 33 30 28 29 24
5D 43 41 37 32 31 28 27 28
43 43 38 34 31 27 28 28
5E 42 42 38 34 30 29 27 27
43 41 36 32 29 29 27 28
5F 44 40 37 31 31 28 27 28
44 41 36 33 31 30 28 28
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Appendix 8.
Month Elev.(m)
1310
Aug. 1160
1190
Continued
Soil temperature (°C)
Open Canopy
Plot Soil depth (cm) Soil depth
0 5 10 15 0 5 10 15
6A 41 41 36 32 30 30 27 28
41 41 37 33 31 29 28 27
6B 43 42 37 32 29 28 26 28
42 42 37 33 31 30 27 28
6C 42 40 38 33 28 29 28 29
43 42 36 32 29 29 27 27
6D 42 43 39 35 30 29 29 25
42 42 37 33 30 28 28 28
6E 41 41 38 34 31 28 30 29
43 44 36 33 29 28 30 28
6F 40 40 37 32 29 30 29 27
41 40 36 33 30 29 28 28
1A 48 41 37 34 34 32 30 28
46 42 37 35 33 31 29 28
IB 46 42 36 33 32 30 28 27
48 41 35 32 32 30 28 26
1C 48 42 37 33 33 32 28 26
47 42 36 32 34 32 30 28
ID 48 40 38 35 33 30 29 27
46 41 37 33 32 30 29 26
IE 48 41 35 33 32 30 29 27
47 41 36 34 33 32 29 27
IF 47 41 36 32 33 32 31 28
47 40 35 33 34 33 31 29
2A 46 41 35 32 33 32 30 29
46 40 36 33 32 30 28 27
2B 46 41 37 34 32 30 29 27
47 40 35 33 32 31 29 272C 46 42 36 33 33 31 28 26
47 42 37 34 32 30 29 27
2D 46 41 35 32 32 30 28 26
46 40 35 33 32 31 29 26
2E 47 42 35 34 33 32 30 28
46 41 34 32 32 31 29 28
2F 46 41 35 32 32 31 29 28
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Appendix 8.
Month Elev.
(m)
1220
1250
44
1280
Continued
Soil temperature (°C)
Open Canopy
Plot Soil depth (cm) Soil depth
0 5 10 15 0 5 10 15
47 42
3A 44 40
44 39
3B 44 40
44 39
3C 43 39
44 39
3D 44 38
43 39
3E 43 38
43 39
3F 44 38
43 38
4A 43 38
42 38
4B 42 38
44 39
4C 43 38
43 37
4D 43 37
43 37
4E 42 36
43 37
4F 43 36
38 35 33
5A 42 38
41 36
5B 41 37
42 37
5C 40 37
41 37
5D 40 35
40 36
5E 42 36
35 33 32
33 31 31
34 32 31
33 31 31
34 32 32
33 31 31
34 32 32
33 31 30
33 32 31
33 31 31
34 31 32
3 3 31 32
34 32 30
35 34 31
35 33 30
34 32 30
36 33 31
34 32 31
33 31 30
33 31 31
34 32 31
33 31 31
33 30 31
33 30 31
32 31 31
34 30 31
33 29 30
33 29 30
34 30 31
34 31 30
34 30 30
33 30 31
34 31 30
34 31 31
31 30 28
29 28 26
30 28 27
29 28 27
31 30 28
30 30 27
30 29 28
29 29 27
29 28 28
31 29 27
30 29 28
31 31 29
30 29 27
31 30 29
29 29 27
29 28 28
31 29 28
29 29 28
30 29 28
29 28 28
31 30 29
30 28 28
31 30 29
30 30 28
29
29 29 28
30 29 28
30 28 27
30 29 27
30 28 27
29 28 27
31 29 28
29 27 27
29 29 28
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Appendix 8.
Month Elev.
(m)
1310
Continued
Soil temperature (°C)
Open Canopy
Plot Soil depth (cm) Soil depth
0 5 10 15 0 5 10 15
41 37 33 30 31 30 28 28
5F 41 36 32 30 30 28 28 27
40 36 33 30 31 30 29 29
6A 40 36 32 29 30 30 28 27
40 36 33 30 30 29 29 28
6B 39 36 32 29 30 30 28 28
40 36 33 30 30 29 28 27
6C 39 34 32 28 29 29 28 27
39 35 32 29 30 29 29 28
6D 40 35 32 30 29 29 28 27
39 35 31 29 29 28 28 27
6E 41 37 35 32 33 31 29 28
39 35 33 30 32 30 30 28
6F 42 39 37 33 32 31 29 2840 37 34 31 30 29 28 27
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